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The chief aim of tlie author of this book has been to supply 
a want that he, in common with a large body of teachers, has 
experienced for many years. There is on Steam no cheap 
work that a teacher can put into the hands of his pupils, to 
give them at once a full and comprehensive idea of the whole 
subject. The author has striven to supply this defect, and 
to produce a work correct in its facts, safe in its deductions, 
and containing, where possible, new and original matter, or 
the old matter presented under new aspects. How far he 
has succeeded is for others to judge. 

An attempt has been made, not only to give the reader 
an insight into the details and specialities of the different 
kinds of engines employed to do man's work, but to make 
him understand the various principles upon which each part 
of the Steam Engine does that work, the relation these 
parts bear to each other, and the life or physiology, so to 
speak, of the whole. 

The syllabus of the Government is covered not servilely 
by following its details, but by omitting what is unnecessaiy, 
and adding much that is required for a full knowledge of 
the subject. Originality of matter in this subject cannot 
be expected. Freshness of arrangement and simplicity of 
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illustration have been sought. In thus aiming to render 
the subject intelligible, the author has endeavoured to avoid 
all appearance of cram, so baneful to the true progress of 
the student in any branch of science whatever. 

The subject is divided into chapters, and the student 
is recommended to peruse them in their order, taking up 

the mathematical questions at the end as soon as the first 

« 

two or three chapters have been read. 

To the Teacher I would say, be not content with the 
expositions and details given; but seek for graphic 
illustrations within your own reach, and avail yourself of 
every opportunity that 'presents itself to make the class 
acquainted with the Steam Engine at work. 

H.E. 

Plymouth, Nov. 1872. 



NOTE TO THIRD EDITION. 

The present - Edition has been thoroughly revised and 
brought up to date^ and a new chapter on Compound 
Engines added. 



Elswick Institute^ 
Nov. 1878. 
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CHAPTER I. 

Definition— Properties of Steam : Elasticity, Latent Heat— Water is 
a Solid, a Liquid, and a Gas — Latent Heat of Water— Ebullition — 
Latent Heat of Steam— Consumption of Heat in Liquefaction and 
Vaporisation — Boiling Point— Steam and its Properties — Super- 
heated Steam : Density, Volume, Expansion. 

1. Definition. — Steam is the invisible, elastic fluid gene- 
rated from water by the application of heat. 

8. Steam is Invisible. — ^When steam is issuing from the 
spout of a kettle or from a safety valve, if we examine it 
close to the spout or valve, we see nothing. It is only at a 
distance from these oriflces that the steam is rendered visible, 
by parting with its heat to the air with which it is in 
contact ; when visible it ceases to be steam, and is called 
vapour. But many obiect to such a hard and fast line 
seating vapour from L^ and saj, steam is vupour and 
vapour is steam. Vapour escapes from the surface, but is bj 
no means generated, as a rule, at the surface. Evaporation 
is the escape of vapour. Vaporisation is the conversion of 
liquid into vapour. The moment heat is applied to water 
vaporisation commences, and evaporation takes place. It 
has been suggested * that the heat applied to water produces 
the single ^ect of converting part of the water into steam 
or vapour, and not heating part of the water and turning 
another part into vapour, and that the vapour thus formed 
in the body of the liquid, is diflused through the whole mass, 
and this vapour alene acts upon the thermometer, causing it 

♦ By Mr. C. W. Williams. 
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to rise with the increase of its own temperature. This is 
simply Dalton's law, " that all gases which enter water or 
other liquids by means of pressure, and are wholly disenc^s^ed 
again hj the removal of that pressure, are mecha^j 
^ed^d not chexnicaUjrcombii^l with the Uquid. Ga^ 
so mixed with water retain their elasticity or repulsive 
power among their own particles, just the same in water as 
out of it." 

3. Vapour and Steam. — ^We may for convenience make the 
following distinction : When water passes away insensibly 
without the mechanical application of heat, it is termed 
Vapour; but when heat is directly applied to produce this 
vapour, we consider it Steam. 

4. Steam is Elastic. — ^Take a cylinder or box, into which 
is tightly fitted a piston, and fill it with steam. If we now 
maintain the cylinder and steam at the same temperature, 
and apply a sufficient force to compress the steam into half 
the space, and then suddenly withdraw the force, the steam 
will again expand and fill the same space as before, driviag 
the piston back again to its original position. The piston is 
returned to its place by the elastic force of the steam. Or 
we may illustrate the elasticity of steam much better thus : 
Suppose the steam, of which our cylinder is full, to be steam at a 
pressure of 15 lbs. on the square inch, and let the piston be at 
A6, and that from B toN be sixteen inches. 
If the piston be forced half-way down, or 
eight inches, to C D, then the steam oc- 
cupying one -half its former space its 
pressure will be doubled, or on each 
square inch the pressure will be 30 lbs. 
Next force the piston to E F, four inches 
farther down, so as to reduce again the 
volume of the steam by one-half, or to com- 
press it into one-quarter of its original 
volume, then the pressure will be again 
doubled, and will now be 30 x 2 or 15 x 4 
= 60 lbs. on the square inch. If it be forced to G H, two 
inches still farther down, or the volume again decreased one- 
half, or occupying one-eighth of the original space, the pressure 
is now 60 X 2 or 15 X 8 = 120 lbs. on the square inch. We 
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THE EBULLITION OP WATER. 11 

see by this illustration that the pressure increases as the 
space decreases. This is called Mariotte's or Boyle's law, and 
is generally expressed thus : The temperatv/re reftnmning the 
scurnef the volume of a given qucmtity of gaa is in inverse ratio 
to the pressv/re which it sustamis. 

6. Latent Heat. — ^The heat not sensible to the thermometer 
is termed latent heat or hidden heat. 

6. Water is a Solid, a laqnid, a Oas. — H we take a lump 
of ice, we see water in its solid form, the temperature of which 
may be below the freezing point. Ice is one-ninth lighter 
tluui water. Apply heat to the lump of ice, the temperature 
is soon raised to 0^ C, and in whatever way we contmue our 
application of heat, we cannot increase the temperature, but 
the whole of the heat we employ sets to work to melt the 
ice; when all is liquefied, then the water will increase in 
temperature, through 10® C, 20° C, 60° C, etc., till it reaches 
the boiling point 100° C. ; after which, however much heat, and 
however long we apply it to the water, we cannot make the 
water hotter than 100° C. The additional heat simply con- 
verts the water into steam or gas, and is employed in pushing 
and keeping the atoms asunder, and is carried off as latent 
heat. 

7. Latent Heat of Water (or Ice). — ^If a pound of ice at 

0°C., be mixed with a pound of water at 79 4° C, the water 
will gradually dissolve the ice, being just sufficient for that 
purpose, and the residuum will be two pounds of water at 
0° C. The 79-4 units of heat which are apparently lost, 
have been employed in performing a certain amount of work, 
1.6., in meltkig the ice or separating the molecules and giving 
them another shape, tmd as all work requires a supply of 
heat to do it, this 79*4 units has been consumed in perform- 
ing the work necessary to melt the ice, and is called the 
Iiatent Heat of Water. If the pound of water were re- 
converted into ice, it would have to give up the 79*4 units 
of latent heat; hence we see why it shoiild be called the 
latent heat of water, and not the latent heat of ice. The 
three forms of water are, then, (1) a solid, as ice ; (2) a 
liquid, as limpid water ; (3) a gas, as'steam. 

8. The Ebullition of Water.— The boiling point of water 
IB that temperature at which the tension of its vapour exactly 
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balances tHe pressure of the atmosphere.* The student must 
bear in mind the law of convection, as explained farther on. 
As part of that law of convection, he may observe, that if 
water be placed in a Florence flask, and held over a gas- 
burner, he will see small globules rise from the bottom and 
ascend a small distance, until the colder water above destroys 
their buoyancy; this continues, the globules rising high^: and 
higher, till the heat of the water increases to 100° 0., when 
they reach the top and produce what we call ebullition. It 
is the heated water becoming speciflcally lighter, and rising 
up with considerable force. 

9. Latent Heat of Steam. — ^The latent heat of steam at a 
pressure of 1 5 lbs. or about thirty .inches of mercury, is 537 '2° C. 
We will describe an experiment which will help to illustrate 
this point, and fix the fact in the memory. Let us suppose 
that we have two very small vessels connected at their tops 
by a tube. Let one contain a pound of water, at the 
temperature of 0° C, and the other five and a half pounds, at 
the same temperature. K a spirit lamp be applied beneath 
the vessel containing the one pound of water, its temperature 
will gradually rise to 100° C, when ebullition will begin, and 
if the heat be continued, the water will not increase in tem- 
perature, but will pass off as steam along the tube to the 
second vessel, wh6re the five and a half pounds of cold water 
will condense the steam and absorb the heat, which first 
enters and passes firom the one pound, as long as the spirit 
lamp is applied to it. This operation of condensation and 
absorption will continue imtil the one pound of water is all 
converted into steam and re-converted into water. At the 
moment that the evaporation of the pound of water is com- 
pleted, the heat transferred by the steam from one vessel to 
the other will cause the five and a half pounds of water to 
boil. It will be found that there are now in the second vessel, 
six and a half pounds of water, at a temperature of 100° CX, 
or a total of 650 units of heat. As the 1 lb. takes 100 units of. 
heat to make it boil, the 5^ lbs. take 5^ x 100 = 550 units. 
This heat, 550° C, that converted the 1 lb. of water into steam, 
made the 5^ lbs. boil. A thermometer placed in steam at 1 5 lbs. 
pressure shows a temperature of 100°C., therefore the 550°C. 
* Tyndall'a Heoit as a Mode of Mo^um, 
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are latent, since we know it took 650° to boil and evaporate 
the pound of water. Exact experiments make the 5 ^ lbs. 5*372. 
Hence the latent heat deduced from the experiment will be 
5-372 X 100 = 537**-2. This 5370-20., or 9660-9F., is the 
latent heat of steam. In making the experiment, ounces oi 
anudler quaatities of water are employed, and not pounds. 

10. A Unit of Heat. — A umt of heat is defined as the 
amount of heat necessary to raise the temperature of a poimd 
of water one degree. Hence the units of heat in a pound of 
steam at 100° C, number 637*2. 

XL Consninption of Heat in Liquefaction and Taporisa- 

tion. — ^This is but another way of putting the facts connected 
with the latent heat of water and steam. We have seen that 
the latent heat of water is 79^*40, or to liquefy a given 
quantity of ice requires this amount of heat; to raise the 
water to its highest temperature consumes lOO^C. more; 
next, to vapourize it consumes 537^*20. 

12. The filing Point of Water Depends npon Pressure; 

or, the temperature at which the ebullition of water begins, 
depends upon the elasticity of the air or other pressure. At 
the level of the sea, the barometer standing at 29*905 (or 
very nearly 30) inches of mercury, water will boil at lOO^C.; 
but the higher we ascend above the sea level, the more the 
temperature of the boiling point diminishes. For every 1062 
feet of height, water will boil at a temperature l^C. less; 
because as we ascend the pressure of the atmosphere de- 
creases. In precisely the same manner the pressure of steam 
upon the surface of tiie water in a boiler will have a tendency 
to raise the boiling point ; because the tension of the vapour 
has a gpreater pressure to overcome before it can free itself 
from the water. But we are here presented with another 
law — the sum of the latent and sensible heat of steam is 
constant. The latent heat of steam (as we have just seen), at 
apressure of 15 lbs., is 537^*20., and the sensible heat lOO^C, 
making a total of 637®-2C., or 1149°-6F. Now if water 
imder a pressure of 30 lbs. boU at a temperature of 122^0., 
the latent heat of such steam is 637^-2 - 122<^ = 515^-20. 

This is Dr. Black's theory of latent heat, or, more correctly, 
it is called Dr. Black's theory of the latent and eenaihle heat 
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of steam. It is termed his theory, because, after a very large 
series of experiments most carefully conducted, he was the first 
to propound the theory, which was one greatly in advance of his 
time, and shows him to have been a man of no ordinary mind. 
The experiments of Begnault tend to modify the above 
theory advanced by Dr. Black. He has arrived ajb the con- 
clusion that the total amount of heat in a given quantity of 
steam increases slowly with every increase of temperature. 
Kegnault constructed the following formula, which gives 
pretty nearly the total amoimt of heat in steam at all 
temperatures : — 

Actual temperature of steam = 1082^ F. + -305 T?. 

This cannot be modified to give us the formula for degrees 
centigrade, but must be entirely reconstructed. This matters 
but little, seeing how easy it is to find the total amount of 
heat in degrees Fahrenheit, and then to reduce it to centi- 
grade. Remember, then, that the constant nimiber 1082® 
must be increased -305 degrees Fahrenheit for each unit of 
temperature, to give us the total amount of heat in steam 
under any given pressure. 

13. High Pressure Steam Does not Scald. — If steam at 
high pressure be issuing from a small orifice, and the hand be 
placed in it, it will not be scalded. The reason must be that, 
as it issues into the air, the pressure is decreased and reduced 
to 15 lbs. The steam, therefore, immediately takes to itself 
the deficient latent heat from the air. If the pressure had 
been 30 lbs., the deficient latent heat would have been 22° C. 
The steam is, therefore, busily employed in taking these 22® 
of heat from the atmosphere, and even from the hand placed 
in it ; and so, under the circumstances, will rather cool the 
hand than scald it. 

14. Measure of the Pressure of Steam. — ^The pressure of 

steam is measured by atmospheres. Steam of 15 lbs. pressure 
is steam of one atmosphere, of 30 lbs. pressure of two atmos- 
pheres, etc. It is fi^uently used as high as six or seven 
atmos^eres; but even ten, or 150 lbs. pressure, is employed. 

15. Density of Steam and Speciflo Volume. — ^The density 
of steam is ascertained by placing in an exhausted glass 
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globe, the capacity of which is known, a certain weight of 
water. The globe is next placed in a bath of mercury, and 
heat is applied until the whole of the water in the globe is 
converted into steam. The temperature at which this takes 
place, the volume of the glass globe, and the weight of the 
water employed, are the three elements from which the 
density is calculated. The specific volume of the steam is 
found by dividing the capacity of the globe by the weight 
of water employed in the experiment.* At a pressure of 
9 lbs. per square inch, the point of saturation, by Sir Wm. 
Eairbaim's and Mr. Tate's experiments, was 86^*80., and 
specific volume 2620 ; at 27*4 lbs. the point of saturation was 
118^*20., and specific volimie 906; at 46 •? lbs. the point of 
saturation was 134® '80., and specific volume 683. 

16. Point of Saturation. — ^At the instant, in the above 
experiments, when all the water is converted into steam, we 
have " the point of saturation," or the temperature at which 
steam at that pressure contains most vapour. Directly it 
has reached the point of saturation, the steam, for every 
increase of temperature, rapidly expands in volume; or, if 
confined, its elasticity is greatly increased. Steam does not 
accurately obey the laws of gases — ^the density of saturated 
steam being always greater than that of gas. 

17. The Ratio of the Temperature^ Density, and Elasticity 
of Steam when in Contact with the Water from which it is 

Generated. — ^From what was said on latent heat it is evident 
that the vapour rising from water must contain mOre heat 
than the water. When steam is generating in a boUer, and 
not allowed to escape as fresh quantities rise from the water, 
the density and elasticity of the steam must increase ; at the 
same time, to effect this change, heat is being constantly added 
to the boiler; we may express the result thus: — ^As the 
temperature increases, so does the elasticity. This arises 
not alone from the expansive property of steam, but from 
the continual additions of more steam generated by the 
continued increase of temperature, which must add increment 
after increment to the density and elasticity. The steam is 
now in a state of saturation, and has in it the greatest possible 

* See Fairbaini's Useful Informatum for Engineers, Second Series, 
Lecture viii. 
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amount of vapour it can have at that temperature. We see 
from what precedes that a certain pressure accompanies a fixed 
temperature, and vice versa, so that we cannot increase or 
decrease the one without a corresponding change in the 
other. 

18. Temperature, Density, and Elasticity when not in 

Contact with the Water. — K steam be taken from a boiler, 
and further heated or surcharged, the above relations of 
temperature, density, and elasticity no longer hold good. 
In superheating steam, as we increase the temperature we- 
decrecbse the density, for there is now no accession of watery 
vapour; but the elasticity is iruyreaaed in such a manner that 
it follows no noimal standard, or at least no law has been 
discovered that will give us the relations of temperature, 
density, and elasticity when heated and not in contact with 
the water firom which it was generated. 

On these last two points, let it be remarked, that as steam 
is allowed to run from the boiler to the cylinder, it is invari* 
ably attended by a loss of heat from radiation ; and being 
deprived of a portion of its heat, it becomes steam of a 
different description to what it was when in contact with 
the water from which it was generated, where it was con- 
stantly receiving fresh accessions of heat. To maintain the 
normal relation of temperature, density, and pressure, it 
must be in contact with the water; while, when we super- 
heat steam, it receives an entirely different character, and we 
must have no confusion in our minds as regards this 
difference. 

The following table is worthy of attention : — 

The temp, being - 40^ F. or -40°C. the pressure in lbs. is *006 p. sq. in. 

-10''F.or-23'iC. .. -021 

lO^P. or-12**iC. 
40^ F. or 4''^C. 
100^ F. or ZTiC. 
212« F. or 100* C. 
aOO'^* F. or 149^ C. 
325° F. or 162'*|C. 

Much trouble has been taken by Dalton, Fairbaim, Arago, 
and Dulong to determine the above relations. The pressures 
are here given as corrected by Fairbaim. 
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18 STEAK. 

The weight of a cubic foot of steam at various tempera- 
tures is obtained by dividing 62J pounds, the weight of a 
cubic foot of water, by its relative volume, and we are to 
consider that the weights of water in the last column produce a 
cubic foot of steam at the given temperatures and pressures. 
In .the third column the numbers are expressed so as to 
show how the weights are obtained, while the denominator 
of each fraction is flie respective relative volume in each case, 

20. Belative Tolume. — ^The relative volume of steam is 
the quantity of steam generated from a given quantity of 
water divided by that water. De Pambour's definition is, 
"The relative volume of steam is the quotient of the 
absolute volume of the steam by the corresponding volume 
of water." 

21. Expansive Working of Steam. — Steam is admitted to 
the cylinder at a very high pressure, thus giving the piston 
a great initial velocity, and before it has completed its 
stroke the steam is cut off, or no more is allowed to enter, 
the rest of the stroke being completed by the elastic force of 
the steam already in the cylinder. The steam expands as the 
piston moves onwards, and consequently its pressure, in con- 
formity with Marriotte's law, is constantly diminishing, until 
the piston is at the end of its stroke. The velocity of the 
piston, in consequence of the momentum of the fiy wheel and 
moving parts of the engine, is uniform throughout the stroke. 
The ^adually diminishing pressure renders it more easy to 
bring the piston to rest. This is effected by the cushioning 
and the momentum of the fly wheel carrying the crank over 
the dead centres, which will be hereinafter explained. 

When the steam is allowed to expand in the cylinder, 
more time is given for evaporation in the boiler, so that steam 
accumulates, and a saving is effected by using the smallest 
possible quantity during each stroke of the piston. From a 
minimum amount of steam a maximum amount of work, by 
usmg it ezpansively, is obtained. 

Suppose steam, whose initial pressure is 80 lbs., is 
admitted to the cylinder A N, 8 feet long, and that 
the piston performs 2 feet of its stroke to a h, when 
the admission of steam is suddenly intercepted, the elastic 
force of this one-quarter of a cylinder full of steam will 
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now be called upon to complete the stroke. Wlien the 

piston gets to C D, the pressure -will be one-haJf, or 40 lbs., 

as the steam fills double the space; at E F 

only one-third, for it then fills three 

times the space, and so on. To find the 

pressure at odj'F H, etc., and in fact at 

every point of the stroke, the student is 

referred to the questions at the end, 

which should be commenced at once. 

22. Superheated or Surcharged Steam. 

— ^It has become a practice to allow the 

steam, before it enters the cylinder, to 

pass from the boiler into a series of 

tubes, or into a strong iron chamber in 

which a large quantity of vertical or horizontal tubes are 

fitted; in these the steam is further heated to increase its 

elasticity by the heat that is passing away up the funnel 
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or st«A; thus, from a given quantify of steam a minimum 
amount of work is obtained with a TniniTmim amount 
of fuel consumed. The annexed figure is one form of the 
apparatus, which is generally placed in the uptake or at tbo 
bottom of the stack. 

The steam from the boiler passes through B into the series 
of tubes T; in the upper figure they are seen in section, in 
the lower in plan; around the tubes the heated air and gases 
play, so that the steam receives additional heat and passes by 
way of B through C and C to the cylinder. 

23. The Advantage of Superheated Steam is, that as we 
increase the pressure the amount of work done by the 
en^dne rapidly increases also:, but the quantity of heat 
obtained in Mgli-pressui« ste^ is very litUe more than 
that in low pressura For instance, the units of heat in 
steam at 230® F., pressure of 21^ pounds, is 1162° F.; at 
330® F., or 104 pounds pressure, it is 1183® F., or only 
30® F. more. 

Since it is heated by the waste products of combustion 
passing up the funnel or stack, it is more economical than 
ordinary steam, but it is by no means economical if this 
heating is carried to excess. To ensure efficiency it wants 
little more than drying. 

In consequence of its great heat, superheated steam does 
injury to the internal parts of the engine; it bums the 
paxjking, and eats away the cylinders, especially having an 
injurious effect upon those of indifferent workmanship. As 
steam is superheated so its elasticity is increased, or the 
elasticity varies with the temperature. In practice many 
engineers do little more than dry the steam ; for this purpose 
a small chest, or outer casing, is sometimes fitted round the 
bottom of the funnel, the steam passes through a short pipe 
from the boiler to this casing, and is then led away to the 
cylinder to do its work. 

24. Law of Expansion of Superheated Steam. — Super- 
heated steam near the point of saturation expands very 
rapidly and irregularly, but if the superheating be continued 
the rate of expansion rapidly declines, and soon approaches 
that of a perfect gas whose co-efficient of expansion is -^j^ for 
eveiy degree centigrade of expansion. 



It lias been fotmd that when the point of maximum 
Baturation was between 79° '40 and 82*^*20, the mean rate 
of expansion was ^^ when the superheating was continued 
from 82^*2 to 93° '30, the co-efficient of ezpaosion fell from 

C72 VO |5* 



EXERCISES FROM EXAMINATION PAPERS (CHIEFLY). 

1. What is meant by capacUy for heat and IcUent heat? 

What is the latent heat of steam under the ordinary atmo* 
spheric pressure (1867)? 

What weight of injection water at 80^ will suffice to condense 
a given quantity of steam into water at 120^? 

CapacUy for heat is explained in next chapter. 
The degrees are 80®F. and 120^F. = 26^}C. and 48*'4C. 
Each unit of water is raised 48'=*| - 26^J = 22**JC. 
The total heat in the steam is 637° '20. This has to he reduced 
637'i — 48''i == 588"! 0. (nearly). 

.'. total units of water required = ^^ = 26 J nearly. 

It may he here ohserved that no unit is given for the water, 
but the question is put generally; hence, if we consider the quantity 
of steam as that generated from a cubic foot, inch, or pound of water, 
the answer is 26^ cubic feet, inches, or pounds. 

2. The steam enters the condenser at a temperature of 212^ F.; 
the water pumped out of the condenser is at a temperature of 
llO"* F. What weight of injection water must be supplied for 
each pound of steam which enters the condenser? 

Before answering this question the student must draw attention 
to the fact, that the temperature of the condensing water is not 
given. He must therefore assume a temperature, say 10'' C, and 
answer the question as shown above. Ana, 17*81 lbs. 

3. Show, by an experiment, how the latent heat of steam may be 
ascertained. 

4. What do you mean by the latent heat of water or ice? Which 
is the more correct expression? 

5. Show, as to a class, that steam is elastic and invisible. 

6. Give a definition of steam, and distinguish between vapour and 
steam. 

7. Describe the several methods by which heat is propagated. 
Explain the terms capacity for heat and latent heat. 

What is the latent heat of steam (1864) ? 
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8. Distinguish between common steam, snperlieated steaXDy snr- 
charged steam, and saturated steam (1866). 

9. Define capacity for heat, latent heat, and unit of calorio 
(1865). 

10. What is meant by superheated steam? 
What advantages are gained by its use (1865)? 

11. What is meant by latent heat ? 

Show under what circumstances heat becomes latent (1866). 

12. Show how to determine the weight of injection at a given 
temperature, which must be mixed wiuL a given weight of steatti, 
that the whole may be reduced td water at another given tempera- 
ture (1866)? ■ ^ 

13. Compare the weights of injection water at 50*^7. to be mixed 
with a given weight of steam, that the temperature of the mixture 
may be llO'F. (1866) ? Ana, 17*81 : 1. 

14. What is the latent heat of steam ? 
How is its amount asc^iiained (1867) ? 

15. Distinguish between sensible and latent heat ? 

Whal; is the smallest weight of water at 32^ which will be 
sufficient to condense a pound of steam at the atmospheric pressure 
(1858)? Ana, 537 lbs. 

16. What is the distinction between sensible and latent heat ? 
Describe an instrument.for measuring the former (1868). 

17. Under what circumstances generally (1) does heat become 
latent, (2) does latent heat become sensible ? 

What amount of latent heat becomes sensible when ice is 
thawed into water (1868)? 

18. Two ounces of water at 60^ are placed in an evaporating dish, 
which is covered, except a small opening, b^ a glass plate. The 
flame of a gas-burner causes the water to boil in 3^ minutes, and the 
whole is evaporated after 22 minutes more have elapsed. What 
should you infer as regards the latent heat of steam from this 
e xp eriment ? 

What is the correct numerical value given by a more exact 
process? 

The water is heated in 3i minutes from 60°F. to 212^F., or 

through 152^ F. 

It is then evaporated in 22 minutes. 

22 
It is evaporated in — «= 6*6 times the time it took to boiL 

. \ heat put into the steam is 152' x 6*6 = 1003'-2. F. 

. *. the latent heat of steam is 1003'''2F. 

The correct numerical value given by a more exact process is 

967'' F. 

Had the time given in the experiment been 21 minutes 10 
seconds, the answer wotjl/si, come out 966** *7F., which is as near as 
it can be wished to get to the actual result. 
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19. Describe an experiment proving that water is an extremely 
bad conductor of heat. 

In what way, then, can a large mass of water, such as that in 
a steam boiler, be readily heated (1869)? 

20. Explain the meaning of latent heat. 

State Black's law as to the latent heat of steam formed under 
different pressures. 
Is this law strictly verified by experiment (1869) ? 

21. Under what circumstances does heat become latent ? 

How much water did Watt consider necessary for the condens- 
ation of a cubic foot of steam at the atmospheric pressure ? 

State the considerations which led to the practical conclusion 
at which he arrived in the case of a condensing steam engine (1869). 
Watt supposed temperature of hot well to be 100° F. 
,, „ ,, injection water 50** F. 

Workins this out, as in Example 1, gives 22*24. 
Therefore, he concluded, 1 cubic inch of water turned into 
steam will require 22^ cubic inches of water to condense it. Watt 
allowed 28*9 cubic inches, or about a wine pint, for every cubic inch 
of water evaporated, because as a practical man he knew that every 
atom of water would not do all required of it. Hence he in practice 
allowed above one quarter more than his theory allowed. 

22. How can it be shown that the temperature at which water 
boils depends upon external pressure ? 

What is high pressure steam (1869) ? 

23. Describe accurately the difference between steam in contact 
with the water from Which it is generated, and when not so in 
contact. 

State the law connecting the pressure, volume, and temperature 
in the latter case ? 

What is the formula employed by De Pambour as applicable to 
the former (1865)? See chapter on De Fambour's theory. 

24. State the laws which regulate the pressure of steam: (1) When 
in contact with water; (2) When not in contact with water (1865). 

25. What is meant by temperature ? 

What are the general effects of adding heat to or subtracting 
it from a body (1865)? 

26. How much steam will be required to fill a cylinder, whose 
diameter is 60 inches and length 6 feet, forty times per minute, the 
volume of the steam being 1200 times that of the water from which 
it was formed (1864) ? 

Ans. 3*927 feet, or 3*927 cubic feet of water must be evaporated 
per minute to give the necessary supply of steam. 



CHAPTER IL 
HEAT. 

Definition— EzpoDfiion and Contraotion->Expanfiion and Obntraciion 
of Water — Co-efficient of Expansion — Molecular Power ot 
Expansion and Contraction — ^Atomic Forces — ^Radiation and 
Absorption — ^^Conduction — Friction — ^Temperature and Measures 
of Temperature — Thermometer — Pjrrometer — Specific Heat — 
Calorimeter — Convection — ^Heat and Work — ^Mechanical Equi- 
valent of Heat. 

Whek heat is imparted to a body its atoms push each other 
asimder^ and the molecules commence to oscillate more or 
less rapidly. The more intense the heat, the quicker the 
particles oscillate; by raising the temperature you increase 
the oscillations, while cooling is a decrease of vibration, or 
loss of motion. 

25. Bodies Expand by Heat and Contract by Cold.— The 

law is almost universal that bodies expand by heat and 
contract by cold. 

(a). The most familiar illustration we have of this law. is 
in the expansion and contraction of water when xmder the 
influence of heat and cold. Take water at a temperature of 
4^ C. ; after the heat has been applied for a short time, it 
will begin to expand, and will continue to expand as the 
temperature increases, till it reaches the boiling point 100® C. 
After this, if we continue to apply heat, no alteration will 
take place in the temperature of the water. The additional 
heat that passes into the water is employed in converting the 
water into steam. A cubic inch of water will supply 1669 
cubic inches of steam, or nearly a cubic foot. The result of 
another experiment was that a gallon of water, evaporated at 
100° C, produced nearly 1800 gallons of vapour. When cold 
is applied to this vapour it contracts to its original volume. 
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(5) In building such bridges as the Albert Bridge^ Saltash^ 
the Britannia and Conway tubular bridges, spaces are left for 
the expansion and contraction of the iron. The difference 
between the lengths of thes^ bridges measured during the 
extreme heat of summer and the extreme cold of winter, is 
considerable. 

(c) Experience has taught us that, in la3mig down the rails 
for a railway, spaces of about three-eighths or a quarter of 
an inch must be left to allow the rails to expand in length. 
Were this not done, the molecular force of expansion would 
be sufficient to draw the spikes or lift the sleepers and rails 
out of their places. 

- Mr. Stephenson once stated that, in consequence of laying 
three or four miles of line, near Peterborough, with close 
joints, the heat of the sun on a warm day caused such an 
extension that the rails and sleepers were lifted in one place 
from the ballast so as to form an arch fiffcy feet long and three 
feet high in the air. 

(d) The simplest plan to separate a crank from a shaft on 
which it has been shrunk, or, in fact, to disconnect a 
rust joint, is to apply heat, when the bodies (being of different 
dimensions) expand unequally and separate. 

(e) Many other illustrations might be given, as, when 
'Warehouses constructed with fire-proof floors, etc., have been 
destroyed by fire, the walls of the buildings which were con- 
sidered indestructible have been thrown down by the enormous 
expansion of the iron girders, tie-beams, etc. Wheelwrights 
and carriage builders, when they wish to place the tire upon 
a wheel, expand it by placing it in a fire, then slip it upon 
the wheel, and suddenly cool it, when the molecular power of 
contraction holds and binds the whole wheel firmly together. 

26. Bodies Contract by Cold. — ^This may be illustrated by 
most of the foregoing instances of expansion by heat. A 
cubic foot of steam becomes a cubic inch of water when con- 
tracted by cold. The ends of railway rails are more widely 
separated in winter than summer. Tbis point will be farther 
illustrated under the heading of Molecular Force; biit a good 
illustration will be found in the method by which collars are 
shrunk on a shaft. A neat way of putting collars on heavy 
marine shafts where the journals comO; is this : bosses are 
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turned on the shafb, and two ribs, three or four-sixteenths of 
an inch high, are lefb on the bosses for the collars, which 
must be prepared in the lathe, and then heated and slipped 
over the ribs, then upon contracting with the cold they will 
firmly grip the shaft. 

27. The Exception to the Universal Law of Expansion 
by Heat and Contraction by Cold. — Suppose we have a body 
of water at 100*^ C, and expose it to cold, it will gradually 
lose its motion or heat, cooling down through 90®, 60°, 30®, 
etc., and will contract or occupy a smaller space until it 
descends to 3'8® C, when it will contract no more, for it has 
reached the point of Tnaximum density. From 3® '8, as the 
water becomes colder it expands, till it reaches the freezing 
point 0® C, so that the ice is specifically lighter than the 
waterj and consequently floats upon the surface. Were it 
not so, or did the water in the act of freezing become heavier, 
it would sink to the bottom, and all rivers and ponds would 
become frozen masses of ice in temperate and sub-arctic lati- 
tudes, which could not be melted till a July sim exerted all 
its influence. Consider the effects of this upon the earth : a, 
boreal climate would extend beyond the Straits of Gibraltar. 
Every plumber, and almost every housekeeper, to the advan- 
tage of the former, and the annoyance of the latter, knows 
the effects of this expansion upon lead water-pipes. It splits 
rocks in frozen regions, and makes enormous fissures in the 
earth. "We may state the fact succinctly thus: — Water 
expands at the moment of freezing, or contracts on melting, 
nearly 10 per cent. A cubic inch of ice gives '908 cubic 
inches of water, or one cubic inch of water gives 1*102 of 
ice at the same .temperature. Bismuth is another exception, 
it expands on cooling, and exerts an enormous force. 

28. Co-efflcient of Expansion. — ^The linear, superficial, or 
cubical co-efficient of expansion is the amount a body expands 
in length, surface, or volume on being heated one degree. 
The superficial is twice tibie linear, and the cubical three times 
it. All elastic fluids expand about the same, or -^^ = '00366 
part of their volume, on being heated one degree centigrade, 
or ^ for 1^ F. 

The following ia a list of a few of the chief co-efficients of 
expansion : — 
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Glass, 

Copper, - 

Brass, 

Iron (wronglit), 

Lead, . . 

Tin (Cornish), 

Silver, . 

Gold, . 

Platinum, 

Zinc, 



Linear. 

•00000876 

•0000171 

•0000185 

•0000118 

•0000284 

•0000217 

•0000191 

•0000151 

•0000088 

•0000297 



CabicaL 

•0000254 
•0000512 
•0000554 
•0000354 
•0000890 
•0000690 
•0000574 
•0000453 
•0000264 
•0000890 



It should be noticed in all cases how near the cubical 
oo-eficient is three times the hnear. The superficial wiU be 
found by simply doubling the numbers in the £rst column. 

29. Ilie Enormous Power of Extension and Contraction. 

— When bodies expand, the molecules of which they are 
composed are pushed farther asunder by the oscillatory 
motion communicated to them. The ^eat may be described 
as entering the substance, and immediately setting to work, 
separate the particles. The power or energy ^ey exert 
to do this is immense. The following are illustrations of the 
energy of molecular forces. We have already mentioned 
several under the heads expansion and contraction : — 

(a) When a dry wooden wedge is driven into the crevice 
of a rock, and moistened with water, the wedge swells and 
splits the mass. Thus many accidents have happened to 
grinders through the wedges sweUing between the axle and 
the stone, and causing the latter to burst. Of course^ in thiB 
case, centrifugal force assisted the wedges. 

(b) When a rope is moistened, the diameter becomes 
larger, and the rope shorter, for the fibres are drawn in by 
this enlargement. It is said that, in Hfting the statue of 
Kelson into its place in Trafalgar Square, the ropes had 
stretched through the great weight, and the blocks were close 
to each other. The whole operation would have failed, 
although the hero was within a veiy short distance of his 
place, had not a sailor cried out, " Wet the ropes.'' The hint 
was immediately taken, and the work accomplished. 

(c) Water is turned into steam by heat; this heat endows 
the water with (atomic) force sufficient to drive the loco- 
motive, to propel the steamship round the world^ to work 
the mill, the foige, the hammer, the pump, etc. 
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(d) If the wall of a large building be bulging out^ and an 
iron girder placed in a proper position, the power of contrac- 
tion by cold will subserve the purpose of bringing it into the 
perpendicular. It has been done on a large scale in France. 
A girder (or girders) was fitted across the bidlding with 
strong wall-plates at each end, and screwed up as tightly as pos- 
sible. All along the girder was applied a number of gas jets, 
and as it expanded by the heat, the screws were tightened. 
The girder was then allowed to cool, and the strain of its 
contraction was sufficient, after repeating the process several 
times, to draw the walls into the perpendicular. 

(e) We may almost add, that the Gulf Stream and the 
trade winds are caused by the atomic force of heat (but see 
Convection). 

80. Molecular Foroe, or Atomic Force.— All molecules 

are under the influei^ce of two opposite forces. The one, 
molecular iUiraction, tends to bring them together; the other, 
heat, tends to separate ihem, its intensity varies with ita 
velocity of vibration. Molecvla/r attraction is only exerted 
at infinitely small distances, and is known under the name 
of cokesiony cpfflmty, and adhesion, 

81. Cohesion. — By the force of cohesion this paper is 
held together. Heat and cohesion are directly anta^gonistic. 
men heat predominates in Uquids, they become gases; when 
cohesion predominates, they become solids, or they may 
assume the spheroidal form, as exhibited in the dew-<lrop, 
a tear, etc. The manufacture of shot gives a striking illus- 
tration how the two forces, cohesion and gravitation, act. 
The lead for the shot is melted at the summit of a high 
tower ; the molten lead, mixed with a little arsenic to give 
it the exact amount of fluidity, is then poured into a Idnd 
of sieve. It passes through the holes by its own weight 
(gravity), and in falling though the air, assumes — ^through 
^e force of cohesion acting on it, in the same way as in the 
rain-drops — ^the form of a sphere ; by the attraction of gravi-' 
tation, it falls to the ground. 

82. Affinity or Chemical Affinity is another form of 
molecular force. If oxygen and hydrogen be chemically 
united, in the proportion of one to two, they form water. 
The molecules are united by chemical affinity, but held 
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together by cohesion. By the same force light is produced. 
The majority of light-giving substances are composed of 
hydro-carbon. The oxygen of the air first combines with the 
hydrogen, because it has the greatest afi&nity for it; the 
carbon is then set free, and we have an intense light, as the 
carbon passes from the hydrogen into the oxygen during the 
great evolution of heat caused by the chemical combination. 

33. Adhesion is the molecular force exerted between 
bodies in direct contact. If two pieces of lead have their 
pure metallic surfaces laid bare, and be put together with a 
twist and pressure, they become united by this force. So 
will steel, or iron, or brass, unite with lead, if their clean and 
flat metallic surfaces be brought into contact. In punching 
out leaden bidlets from the solid lead, as is done at Woolwich, 
the steel dies wiU adhere to the lead and become one solid 
mass, unless grease be used to prevent too close contact. 
Two pieces of flint-glass will thus unite when truly flat and 
clean. Before the introduction of the thrust-block to receive 
the thrust of the screw-propeller shafb, the whole thrust 
or force to drive the vessel was received upon a fixed steel 
plate. Instances have been known in which the end of the 
screw-shaffc and the steel plate have so firmly adhered to each 
other, that the shaft has broken elsewhere. This simply, 
resulted from the constant and enormous friction having 
consumed aU the oil, etc., between the two; and two pure 
metallic surfaces were formed, which united under pressure. 

The atomic force of heat has been sufficiently Qlustrated 
under the headings of expansion and contraction. But we 
must not omit to notice how this is connected with our sub- 
ject, steam. By employing these atomic forces we obtain 
the fire necessary to generate the heat required, which endows 
the water with potential energy sufficient to do all our work, 
and this simply by observing how they a^t, and making them, 
by using natural laws, work for us. 

34. Radiation and Absorption of Heat. — Good and had 

radiators. — ^Radiant heat is heat passing out of bodies into 
the air in straight lines. We have also the radiant heat of 
the sun, conveyed by the ether to our atmosphere, and passing 
through it to iJie earth. Some bodies will allow radiant heat 
to pass out more freely than others. The tea in an earthen- 
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ware teapot cook more rapidly than in one of silver. A 
boiler unpainted, unclothed, or not isurrounded as far as 
possible hj sawdust, ashes, etc., will radiate far more heat, 
or require more fire to keep up steam, than one that is 
protected and well surrounded by some of the substances 
mentioned. Glass is a better radiator than pewter. Colour 
does not effect radiation. If too much water be run into a 
boiler at £rst, the fires will not burn^o well as if only a little 
water were in the boiler; because "^e fire absorbs too much 
cold at a time, or too much cold is conducted from the water 
to the fire to allow it to bum properly. For tlie same reason 
too much fuel thrown on a fire tends to put it out. 

85. Absorption is the power of taking in heat. Coated 
surfaces absorb more readily than uncoated. Lampblack 
readily absorbs heat, and quite as readily allows it to radiate. 
There is this reciprocity between radiation and absorption, — 
good radiators are good absorbers, bad radiators are bad 
absorbers. Take the same instance again. An earthenware 
teapot is a good altsorber and a good radiator. Hence good 
tea is made in it. For its possessor, by placing in on the 
hob, puts it where it can readily absorb heat, and so all the 
flavour and ^strength is properly extracted from the leaves. 
Coat bodies with ever so thin a layer of metal it becomes a 
powerful defence against radiant heat. We thus see that 
the engine driver, who keeps his cylinder covers constantly 
bright, powerfully protects them from a loss of heat. Steam 
pipes should be weU clothed to prevent this radiation. 

86. Conduction. — ^If we place a poker or piece of iron in. 
the fire, the molecules of iron immediately in contact with the 
fire are thrown into a state of oscillation, the oscillating atoms 
strike their neighbours, passing the motion on; so that the end 
of the poker out of the fire also becomes warm. The process by 
which the heat is passed up the poker is called conduction. 
There are good and bad conductors. The metals are generally 
good conductors, and the earths, sawdust, ashes, stone, glass, 
chalk, etc., bad conductors. Silver is one of the best conductors. 
If we call its power of conduction 100, that of copper is 74, 
of gold 53, iron 12, lead 9, bismuth 2. A knowlec^ of this 
property of heat will teach an engineer on what to bed or 
sarround. his boiler, so that the least possible heat may be 
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conducted out of it; also, in what he may case his steam 
pipes, cylinder, etc., to attain the same end. 

87. Friction. — ^Every school boy knows the effect of sharply 
rubbing a metal button on the desk, and placing it upon his 
neighbour's hand. Any amoimt of heat may be generated 
by friction. The breaks of a railway train are constantly set 
on fire by this cause. The friction caused by axles, journals, 
etc., on bearings, quickly makes them hot. Oil keeps a bear- 
ing cool, because it lessens the Motion. No amount of oil 
will keep a badly turned bearing or an improperly scraped 
one cool, for the inequalities left by bad workmanship are 
the best generators of heat. 

The action of the lubricant is this : a thin film of the 
lubricant is partially capable of prerenting the surfiGUses of the 
two pieces of machinery coming into contact, it thus reduces 
the resistance due to Motion, and assists also in conducting 
away the heat generated by Mction. 

IJie resistance from Mction depends not alone on the 
roughness of the surface, but the force of pressure, the load 
or work done. On the same surface a double load will pro- 
duce double the. amoimt of Mction, a treble load treble the 
amount, etc. This statement must be taken within certain 
limits. Friction does not at all depend upon the magnitude 
of the surfJEuse in contact. Let a block of brass, weighing 
100 lbs., be placed on a flat, smooth surface of cast iron, it 
will require a force of 22 lbs., or -^nr'^T^ ^^ ^^ whole to 
draw it along. If another 100 lbs., the same size and shape, 
be attached to the side of the other, it will require 44 lbs. to 
draw it along, still ^^ = tJ ^^ *^® whole weight. Now, let 
the second block be placed upon the first, so that with the 
same weight we have only one-half the rubbing surface, 
experiments conclusively show that the Mction is still 
•^, or it requires the 44 lbs. still to drag the two weights 
over the cast iron, although the surfaces in contact are 
diminished by one-half. This -^ = *22 is called the co-efficient 
of Mction. 

The laws of Mction received great attention from Coulomb, 
(General Morin, etc. The following are a few of the co-effi 
dents that may possibly prove of service to the engineer. 
Unguents were not used in their determination : — 
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Oak on oak, *62 

Wrought iron on oak, '49 to *62 

Cast iron on oak, *65 

Wrought iron on cast, *19 

Cast iron on cast, '. *16 

Cast iron axles on Lignum Vitea bearings, ... *18 

Copper on oak, *62 

Iron on ehn, *25 

Fear tree on cast iron, *44 

Iron axles on Lignum VitsB bearings, *11 (with oil. ) 

Iron axles on brass bearings, *07 ( i, i, ) 

The two laws of friction may be expressed thus: — (a) 
Within certain limits the friction qfcmy two surfaces increases 
in proportion to Hie force applied to press them together. (6) 
The friction is entirely independent of the magnitude of the 
tvOo swrfaces in contact. It must never be forgotten that the 
friction of motion is wholly independent of the velocity of 
motion. To reduce friction lubricatits are employed, such as 
grease, tallow, oil, sofb soap mixed with oil, black lead, etc., 
with water and sulphur; the two latter act in a very different 
manner to the lubricants, and are generally used in extreme 
cases. The co-efficient of wrought iron on oak is *49 in the 
dry state, but apply water it is reduced to '26, while soap 
wUl reduce it to *21. Oil, tallow, lard, etc., have all about the 
same effect, whether it be wood on wood, wood on metal, or 
metal on metal, the co-efficient being '07 or '08, or lying some- 
where between; but in the case of tallow interposed between 
metal and metal the co-efficient rises to *1. Water reduces 
the temperature of bearings, because it boils at a veiy low 
temperature, and thus a huqge amount of heat is carried away 
in steam as h/tent heat. Sulphur boiling at a temperature 
108^ C, acts on the same principle. 

Cold water should never be thrown upon a hot axle or 
bearing, there being great risk of fracture owing to the 
sudden contraction of ^e metal. 

88. Temperatur9 and Measures of Temperature. — ^The 

temperature of a substance is the amount of sensible heat it 
contains. This heat is measured by the thermometer, 
pyrometer, or calorimeter. 

89. The Thermometer. — ^The thermometer is used for 
measuring the intensily of the heat in air, water, etc. It 
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mainly consists of a ttibe with a capillary bore^ and a bulb 
at the end containing mercury or quicksilver. By the side 
of the tube is the scale, graduated into degrees, from which 
the temperatures are read off. The filling of the bulb and 
part of the tube with mercury requires the nicest manipula- 
tion, 80 that all air and moisture shall be totally excluded 
from the tube, after which the end is hermetically sealed. 
There are three methods of graduating the thermometer: — 

(1^ Fahrenheit's. 

i2) Centigrade. 
3) Eeaumur's. 

40. (1) Fahrenheit's Thermometer.— Gabriel Fahrenheit 

was bom. at Dantzic, and settled at Amsterdam as an instru- 
ment maker, where, in 1725, he improved the thermometer by 
substituting mercury for spirits of ^ wine, thus greatly 
increasing its accuracy. The expansion by heat and con- 
traction by cold of mercury, is the same for all temperatures, 
at least practically so, for which a thermometer is used. 
Hence the superiority of mercury over alcohol or water, 
Fahrenheit named the freez- 
ing point 32^, and the boiling Fahrenheit centigrade reaumub 
point 212^. The reason for 
this choice may be briefly 
noticed. Ice in the act of 
freezing, and also during its 
conversion into water, retains 
always the same temperature; 
boiling water, under the same 
pressure, also main tains the 
same temperature as long as 
it boils, and you cannot make 
it hotter under the circum- 
stances. Therefore no better 
starting points for the gradua- 
tion of the thermometer can be secured, especially as pure 
water is always procurable. 

In Fahrenheit's time it was supposed that the greatest 
degree of cold attainable was reached by mixing snow and 

common salt, or snow and sal-ammoniac. A thermometer 
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plunged into a mixture of this kind waa found to faU much 
below the point indicated by meltmg ice. The point to 
which the mercury fell by contraction, when plunged in this 
mixture, Fahrenheit marked 0^, the interval between this 
and the freezing point he divided into thirty-two equal 
divisions, hence the freezing point came to be indicated by 
32^ The equal divisions were continued upwards, and the 
mercuiy, by expansion^ reaching 212^ when the thermometer 
was immersed in boiling water, this 212^ was called the 
hoUing pomt. This is briefly the reason for Fahrenheit adopt- 
ing his method of division, and why he has 212® - 32® = 180® 
between the freezing and boiling points. Fahrenheit's scale 
is the one used in England. A much lower temperature than 
0® F. has been observed. Mercury becomes solid at - 40® F. 
This temperature, which has often been observed by Arctic ex- 
plorers and others, would perhaps be a better limit to the scale, 
because it would then register the utmost extremes of heat 
and cold to which the mercurial thermometer is sensible. 

41. (2) Centigrade Thermometer — ^Celsius, a Swede, 
adopted another mode of division. He marked the freezing and 
boiling points on his thermometer, calling the former 0®, the 
latter 100®, and divided the interval between into a scale of 
OTxe hundred parts. This method of indicating the measure of 
heat is called the centigrade, and is found so convenient that 
it is fast superseding Fahrenheit. The sooner it displaces 
the other modes the better, as the decimal and a umform 
scale seem very much wanted, and are certainly the most 
convenient. This scale is mostly used in France. 

42. (3) Beaumnr, or Bomer, introduced a much more arbi- 
trary division of the scale, which is conmionly used in (^ermany. 
He called the freezing point 0®, the boiling point 80®. We 
now see that in Fahrenheit's scale there are 180® between 
the freezing and boiling points, in the centigrade 100®, in 
Beaumur 80®. 

Bules to compare the reading of one thermometer with 
that of another :-^ 

(1) To convert Fahrenheit's degrees to centigrade — 

Subtract 32®, then multiply by 5, and divide by 9. 

(2) To convert centigrade to Fahrenheit — 

Multiply by 9, divide by 5, and add 32®. 
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(3) To convert centigrade to Beaumur — 

Multiply by 4 and divide by 5, or subtract one-fiftL 

(4) To convert Reamnur to centigrade — 

Multiply by 5 and divide by 4, or add one-quarter. 

(6) To convert FaLrenbeit to Keaumur^ oi' Beaumur to 
Fahrenheit — 

First bring them into centigrade, then reduce to 
Fahrenheit or Beaumur, whichever may be 
required. 

Exercises on the reduction of the number of degrees of 
one thermometer to an equivalent number of another, will be 
found at the end. 

48. The Pyrometer. — ^The pyrometer is used for showing 
the change produced in solid bodies by the application of heat, 
from this change the tempemture is calculated. The pyro- 
meter has been brought forward in many shapes, such as the 
Sevres, Wedgewood's, Ellicott's, Guyton's, DanieU's, Lavoisier 
and La Place's, etc. Wedgewood's pyrometer consisted of 
two pieces of brass, each 24 inches long, fastened on a plate, 
with two of the ends five-tenths of an inch apart, and th© 
other two three-tenths apart. Small cylinders of carefully 
cleaned and well baked clay were made so as to exactly fit 
into the larger end when the clay was just red hot. On 
exposure to greater and intense heat the clay shrank, and 
the farther it passed down between the bars the higher the 
temperature of the fire, furnace, etc. The shrinkage of clay 
is not vmiform at M temperatureSy so Wedgewood's apparatus 
has been abandoned for Lavoisier and Laplace's, of which 
a full description will be found in Mr. Balfom* Stewart's 
Treatise on Heat, page 26. 

44. Daniell's Pyrometer. — ^This is a valuable instrument^ 
and consists of two distinct parts— 

1) The Begisteb. 
[2) The Scale. 

45. The Register. — ^A B consists of a solid bar eight inches 
long, cut out of a piece of black-lead earthenware, down its 
centre is drilled a hole, marked by the dotted lines, reaching 
nearly to the bottom. A tube of platinum (ac) is first placed 
in the hole, above this and touching it is a tube of porcelain 
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(cdj, called the index, Botmd the re^ster at A ifi a strap of 
ptatmum irMch can be tightened hy a wedge, not Bhown in the 
figure; when the index is forced 
out by the lieat expanding 
the bar of platinum, the strap 
prevents it from returning. 

46. The So&le cocsiBts of a 
frame formed of two rectangular 
plates of brass, C and D, G is 
joined on to D by two hinges ; 
C acte as a guard to keep the 
i^lister A B in its place. Tho 
strap also rests on the projec- 
tion b, which also performs the 
same ofSce. £ is a graduated 
arc formed on the end of the 
arm E, which moves on a fixed 
centre /, while de ia another 
B ~ arm moving on its centre o, 

dabiell's PTBOUBrBtt. and canying a vernier, Y, and 
terminating in a knife-edge at d. When about to be used, the 
Twister is placed behind Hie scale, as seen in the figure, bo 
that the tube of porcelain just touches the arm de, the 
position of the vernier is noted, then the register aione, witli 
the index and platinum bar in it, is exposed to the beat to 
be measured; it is next taken out of the heat and allowed to 
cool; after which it is applied to the scale, or placed as in the 
figure, the strap preventing the index &om returning to 
where it was pushed by the expansion of the platinum; it is 
evident that the vernier will be moved downwards through 
the arm e, being moved on ita fulcrum o, and indicate the 
temperature corresponding to the expansion of the platinum. 
The difference between &e first and second readings will 
be the temperature sought. 

47. Mr. HoaldBWort^'B Fynimster,* as used in Ms ezperi- 
mente on the combustion of fdel, is a nseful and simple 
apparatus. At the bottom it consists of a bar of copper 
resting on iron pegs, placed in one of the side flues, and 
fixed on the end of tJio boiler. One end of this bar comes 
* See Fairbuni's Ue^ InfonnaHon/or Engineen. Pint S«ri«a, 



through the brickwork and gives motion to the short arm of 
a lever, the longer arm of the lever answers the purpose of 
an index, pointing to a graduated scale of temperatures. As 
the bar of copper expands and contracts by the varying 
temperature of the flue, it compels the index to move 
backwards and forwards. To the larger arm of the lever 
is also attached a rod parallel to the former, which also 
moves backwards and forwards with the change of tempera- 
ture. During the oscillations this latter bar causes a lead 
pencil to press on a revolving cylinder, round which is 
fastened a sheet of paper, so that a line is traced indicating 
the variations of temperature in the flue, as exhibited by the 
expansion and contraction of the bar of copper. 

48. The Use of the Pyrometer is to exhibit the tempera- 
ture of furnaces, ovens, kilns, etc. Mr Houldsworth 
established by it the following interesting facts : — 

(1) Thont the admission of a certain quaMUy of air behind 
the bridge acts most advamtageotisly. The oxygen of the air 
combines with the carbon and hydrogen of the fuel, and a 
greater amoimt of heat is developed for generating steam. 
The smoke is also consumed; whenever smoke is seen we 
have a sure sign of waste. Too much air cools the furnace, 
too little gives an imperfect combustion; but when the 
proper supply is maintained we have perfect combustion. 
The carbon of the coal, which is seen so frequently escaping 
as smoke, is converted into carbonic acid gas, and the 
hydrogen, combining with a less proportion of oxygen, is 
converted into vapour. 

(2) A regular amd coniinvxms supply of air to the fv/trmce 
increases Us heating powers 33| per cent, 

(3) The Sfwpply of air may enter behind the bridge th/rov^h 
the ba/rs, or through the furnace doors, so long as it is properly 
regulated, 

(4) The supply of air must va/ry with the natwre of the 
coal. With light burning fuel less air will be required than 
with caking coal, because in the latter case the charge in the 
furnace becomes a compact mass excluding the air, while the 
former leaves clear spaces between the bars for its entry. 

(5) Jfor perfect combustion a high temperature is necessary* 
This fact waa established by Sir Humphrey Davy. 
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49. Specific Heat^ or Capacity for Heat, is the power of 

storing up heat. ^ 

50. The Calorimeter is not used to measure the tempera- 
ture of a body, but to ascertain the total amount of heat in 

it^ or to find the specific heat. 

Two similar metallic vessels are placed one within the 
other, so as to leave a space between them. This space is 
filled with pounded ice, while a discharge-pipe proceeds from 
the bottom of the external vessel to carry off all water that 
may be produced through the liquefaction of the ice by the 
external air. A third, and nearly similar vessel, is placed 
within tibie second, leaving a space between it and the second 
vessel, which is also filled with pounded ice ; a second dis- 
charge-pipe (with a stop-cock) proceeds from the second 
vessel without communicating with the outside one. Each 
vessel is provided with its proper cover. It is obvious that 
the ice in the inner space cannot be affected by the tem- 
perature of the external air when the calorimeter is closed. 
The substance, whose specific heat we wish to ascertain, is 
placed, after observing its temperature, within the third or 
inner vessel. It is perfectly clear that any heat the body may 
contain, will communicate or lose its motion to the ice in the 
second space, or the ice will take up the heat from the sub- 
stance as latent heat, and become converted into water ; this 
is then allowed to pass through the discharge-pipe leading 
from the inner vessel, and is collected. This water will at 
all times be proportional to the heat stored up in the given 
substance placed within the calorimeter. 

Supposing a body at 00^ to be placed in the calorimeter, 
and permitted to sink to 40^, or through 10^, if the quantity 
of ice melted be ten grains, this would be a grain for every 
degree. If we divide the weight of melted ice by the numbw 
of degrees through which the body has fallen, we obtain the 
quantity which the body would melt by falling through 1*^. 
This quantity expresses the specific heat of the body. By 
the calorimeter, it has been ascertained that to raise the tem- 
perature of water 1®, requires thirty times as much heat as 
would be required to raise mercury 1**. Or the same heat 
that would raise 1 lb. of water 1®, would raise the tempera- 
ture of 30 lbs. of mercury 1°; and this is what is meant 
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when we say the specific heat of mercury is -j^^ or *03 that 
of water. Iron requires 3| more heat than lead to work in 
it the same change of temperature; practically, this means 
that lead will heat 3§ times quicker than iron ; at the same 
time it will cool very much more quickly than iron. It is 
obvious that to heat 2 lbs. of water 1°, requires twice as much 
heat as to heat 1 lb. of water 1°. The relative quantity of 
heat necessary to produce the same change of temperature in > 
different bodies is their specific heat. We said the capacity 
for heat of water was thirty times that of mercury; hence 
this latter substance is so well adapted for thermometers; 
we see at once how sensible it must be to the least accession 
or subtraction of heat. Again, the capacity for heat of air 
at constant pressure, is about one quarter that of water, or 
more accurately '237; hence 1 lb. of water, whose specific 
heat is 1, on losing 1^ of heat, will increase the temperature 
of .TO" = 4-2 lbs. of air 1^. But water is 770 times heavier 
than air. Hence if we compare volume instead of weight, a 
cubic foot of water, on losing 1® of temperature, will increase 
that of 770 X 4-2 = 3234 cubic feet of air 1^. 

Capacity for heat may be defined as the quantity of heat 
necessary to raise the same weight of difierent substances 
through the same rvwmber of degrees of temperature, but it 
must not be defined as the amount of heat necessary to raise 
a pound weight of a given substance one degree in tem- 
perature, or else we shall confound it in the case of water 
with the unit of heat. Capacity for heat is found thus : one, 
two, three pounds, ounces, etc., any weight may be chosen, 
of any substance, and heated so many degrees, one, two, three, 
etc. (generally heated in boiling water), and then put into 
the calorimeter, when according to the quantity of ice melted 
we have the capacity for heat. The quantity each substance 
liquefies is noted, the whole C9mpared with water as a 
standard, and the capacity for heat determined. 

The following are the specific heats or capacity for heat of 
a few well known substances : — 

Iron, . -1098 White marble, -2158 Air, . . •2370 

Mercury, '0.330 Sulphur, . . -1844 Steam, . '4805 

Silver, . .-0557 Platinum, . "0355 Ice, . . -6040 

Copper, . -0949 Glass, . . -1770 Water, . 10000 
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51. ConveotioA. — Convection is the transfer of teat hy fie&« 
sible masses of matter from one place to another. Water 
can only be heated by conyection ; it is scarcely possible to 
heat it by conduction. Our rooms are yentilated by conyeo- 
tion, smoke ascends the chimney by the same principle, and all 
our winds and currents, in both air and "water, are catused by 
this conyection. The wind-saiLs of a ship afford an instance 
• in which this law of nature is made ayailable for ventilation. 
If A B be a glass vessel or large Florence flask filled with 

water, when heat is applied at A, the 
water near A is immediately heated 
and expanded, and becoming specifi- 
cally lighter rises up, and the colder 
water from above falls down to sup- 
ply its place ; this continual change 
goes on as long as the heat is applied 
at A, and is called convection. If 
a little cQchineal be placed in the 
water, it will mrAr to the bottom 
of the flask, and heat being applied 
as before, the cochineal direcrfcly 
leaves the bottom, ascends up the 
middle, and then descends by the 
sides, returning again to the heat. 
By this simple experiment the action 
of convected water is made visible to the eye. 

Let C D be a large test-tube filled wilJi water, and held 

by an holder in the position indi- 
cated by the figure; then let heat be 
applied at D, it will be found almost 
impossible to heat the water in the 
test-tube, for the heated or convected 
water rises perpendicularly up from 
the heat, confining itself to &e top 
of the tube, and scarcely any heat is 
condticted downward^; for, of course, 
the convected or light water cannot 
run down, or mix itself with, or 
rather communicate its motion to, the heavier water below. 
Large masses of water can only be heated by oonvectionf 
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and therefore all furnaces should be placed as low down in 
the boilers as possible, while below the bars there should be 
but little if any water. 

A patent fire-door is used for boilers, which is nothing but 
the application of the principle of convection : the doors are 
made with front and back plates, and hollow within. In the 
front plate are a few openings from one to one and a half 
inches in diameter ; the back plate is thoroughly perforated 
with smaller holes. The air goes in at the bottom of the front 
plate and out at the top, carrying off the heat, thus the front 
of the door is never heated to redness, the current of con- 
vected air carrying off the heat. In precisely the same 
way the funnels of steamers are kept cool, and passed 
through the wood of the decks. A casing is placed entirely 
round the funnel, passing into the engine-room, and some- 
times spreading out over the boilers. A stream of air then 
continually runs up between the funnel and the casing; this 
air takes tiie heat out of the funnel as it passes upwards, and 
keeps it from becoming too hot. Holes are often made at 
the bottom of the casing for the passage of additional air. 

53. Ck)iiversion of Heat into Work^ and Work into Heat. — 

A fire is lighted in the furnace of a locomotive; when the steam 
is sufficiently elastic, the train moves out of the station, the con- 
sumption of heat drives the train along; when it approaches a 
station the driver shuts off the steam and puts on the brake, 
which destroys the momentum of the train, by reconverting it 
into heat, causing smokeand sparks to issueforth fr*omthebr£j{:e. 

A good illustration to show that heat is consimied in 
mechanical work will be found in the following : — 

Let a large quantity of air be forced into a strong box, 
then let it cool until it is of the same temperature as the 
surrotinding air, now open a hole in the box, when the air 
will violently issue forth, but intensely cold. To drive out this 
air, force is required, or work must be done ; to do this work 
no heat can be obtained fr^m the outside, so it consumes the 
beat that it possesses within itself, and issues forth very cold. 

63 Meohanical Equivalent of Heat— (a) Heat is motion 
—the motion of the ultimate particles. 

(h) Whenever work is done, heat is consumed in exact 
proportion to the work done. 
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(c) The evolution of heat is ever in proportion to the 
mechanical energy expended* 

(cQ A thermal unit is the quantity of heat necessary to 
raise a pound of water 1^ C. in temperature ; this is the exact 
amount expended in raising 1392 lbs. one foot high, or 1 lb. 
1392 feet high. 

If the thermal unit of 1^ E. be used, then the mechanical 
equivalent is that this heat would raise 772 lbs. one foot 
high, or 1 lb. 772 feet high. The mechanical equivalent of 
heat has been determine by some of the most persevering 
and exact experiments of modem science. 

Xiet it be supposed that a cubic foot of gas or air is con- 
tained in a vessel, with a square foot for its base and fitted with 
a piston of the same dimensions, a^d that heat is applied to 
the gas, which is at Uberty to expand and drive up the piston. 
If iSie temperature of the gas be raised through 273^ p., the 
gas will double its volume ; and as the piston is one square 
foot in area, this square foot, or 144 square inches, will be 
opposed in its ascent by the pressure of &e atmosphere; and, 
therefore, we shall have 144 x 15 = 2160 lbs. lifted one foot 
high by the act Of the air doubling its volume. This cannot 
be stated too distinctly, so it is repeated in another shape. 
When a cubic foot of air is made to double its volume by 
increasing its temperature 273^ C, it performs 2160 units of 
work. 

In the experiment, if we applied the heat, but kept the air 
from expanding, or compelled the volume to remain constant, 
by continually adding additional weights to the piston (one 
ounce for each degree), we should find that when heated 
273° we had added 273 ounces, but that less heat was con- 
sumed in this latter case than in the former^ in the pro- 
portion of 1 : 1*421, or, 

Heat at constant volwme, ' i 



Hea^t at constant presmte, 1*421 

We have now to apply these facts to water, and to show 
how the additional heat required in the one case will give 
the mechanical equivalent of heat. 

A cubic foot of air, since its specific gravity is ^ruf weighs j 
^AV ounces = 1-29 ounces. f 



MECHANICAL EQUIVALENT OF HEAT. 43 

The capacity for heat of air is *24. 

THierefore, tibe 273^ C. of heat that were applied to the air 
will heat 1*29 x -24 = '31 ounces of water through the same 
temperature, or ''^y" = 5'28 pounds one degree. 

Or, -31 ounces of water heated 273^ C. is the same as 5*28 
pounds heated 1® C. 

But this water is supposed to be heated under constant 
pressure. Let us, therefore, find what quantity we should 
have had, if it had been heated by the heat that was consumed 
when the volume was kept constant. It evidently follows 
from the proportion given above, 

1-421 : 1 : : 5-28 lbs. : 3-72 lbs. 

Subtracting 3*72 from 5*28 gives 1*55 lbs.* This must be 
the quantity of water heated by the excess of heat between 
constant volume and constant pressure ; and this excess of 
heat must have performed the 2160 imits of work. 

Since the heat necessary to raise 1*55 lbs. of water 1**C., 
performs 2160 imits of work ; therefore the heat necessary to 
raise 1 lb. of water 1^0. is equivalent to ^ = 1393*5 units 
of work. 

Hence the heat necessary to raise 1393*5 poimds one foot 
high will raise a pound of water one degree centigrade. This 
1393, or more precisely 1390,* is called &e mechanical equiva- 
lent of heat. ''Heat and mechanical energy are mutually 
convertible; and heat requires for its production, and produces 
by its disappearance, mechanical energy in the ratio of 1390 
foot pounds for every thermal imit."t 

It will help to a thorough conception of the above if the 
student will endeavour, by the same course of reasoning, to 
find the mechanical equivalent of heat in terms Fahrenheit. 
He must use 490^ for 273^, and his conclusion will be that 
the heat required to raise a pound of water one degree 
Fahrenheit will perform 771*4 units of work. 

Hence 772 is the mechanical equivalent of heat for each 
degree Fahrenheit. 

* Several of these numbers are taken as if the decimal places are 
worked out farther than shown in the context. 

t GanoflB Physics, page 411. 
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EXERCISES CHTEFLY FROM EXAMINATION PAPERS. 

1. What do you understand by conduction and convection as applied 
to heat (1867)? 

2. What is meant by the following terms as applied to heat: — 
Conductionf convectiont racUcUion, and capacity for heat (1865)? 

3. What do you understand by the conduction of heat? Mention 
one or two food, moderate, and bad conductors of heat (1869). 

4. What IS meant by capacity for heat? The capacity for heat o£ 
mercury is *033, how much at the temperature of 240** wiU be suffi- 
cient to raise 12 lbs. of water from 60** to SS"* (1867)? 

Ans. 16 lbs. 

5. Show how to convert degrees on a centrigrade into degrees on 
Fahrenheit's scale. 

What temperature F. corresponds to W'SC, (1866)? 

Ans, 66*'-3P. 

6. Show how a thermometer is graduated. Compare the gradua- 
tions on Fahrenheit's, Reaumur's, and the centigrade scale. Reau- 
mur's scale shows a temperature of 15% what will the centigrade and 
Fahrenheit's scales respectively show for the same temperatures 
(1868)? Ans. 18r(5., 66i''F. 

7. Describe the calorimeter and Darnell's pyrometer. For what 
purposes are these instruments respectively used (1868)? 

8. A centigrade thermometer marks 5% what will a Fahrenheit 
thermometer mark (1865)? Ans. 41°F. 

9. Give a few simple experiments and illustrations to show that 
bodies expand by heat and contract b}r cold. 

10. Obtain a formula for determining the weight of water which 
must be mixed with a given weight of steam, in order that the mix- 
ture may be reduced to a water of a given temperature (1868). 

Let t = the temperature of injection water. 

(f= „ „ „ the water coming from the hot welL 

. *. Each imit of water is raised (f-t degrees of temperature. 

The total heat in steam is 637 '2* C, which has to be reduced 
637-2-^. 

637 '2 -i* 
. \ Units of water reqtdred= — J—- — 

Applying this formula to the next example, we have 

637-2-t^ 637'2-48f 

r-< "^48f-15J -^^''^ 
that is, each unit of steam, be it inch, foot, or ponnd of water con- 
verted into steam, will require 17*6 cubic inches, feet, or pounds, to 
condense it ; and as we have 20 lbs. in the next example, the weight 
of condensing water is 17*6 x 20=352 lbs. 

11. What weight of water, at 60°F., must be mixed with 20 lbs. of 
steam of one atmosphere in order to produce water at 120°F. (1868)7 

Ana. 17*6 lbs. for each pound of steam. 
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' 12. What 18 meant by capacity for heat? Show how to calculate 
the temperature of a mixture of two substances whose temperatures 
and capacities for heat are given. 1 lb. of copper (capacity for heat 
'096) at the temperature 520° is mixed with 2 lbs. of water (capacity 
for heat 1) at temperature 60% what is the common temperature of 
the mixture (1866)? 

Let w be the weight of one body, ^ its temperature, and e its 
capacity for heat. 

Let w be the weight of the second body, t*^ its temperature, and 
«' its capacity for heat. 

Now since the capacity for heat of a body may be taken as the 
amount of heat required to increase tlie temperature of a given weight 
one degree 

.*. to e represents to raised one degree. 

•*. vjcf* „ w „ < degrees. 

also t*/ c* t** „ «/ „ tf „ 

or 10 c £ and uf d H^ represent the total heat in 10 and %xf» 

Let X be the temperature of the mixture of the bodies 10 c and iif e'. 

.*. w c <+«»' € V zzx(w C+tt/ c') 

• • 35 = • -7—7- - - - - (1) 

«lsoc=^^«^-^^*^=:;V.^i:g . . (2) 
wt-wx ^ t-x 

«imaarlyc'=^,.c^ - - - (3) 

Substituting in equation (1) we can solve the question thus; 
^_ Ix 095x(520''-32°) + 2xlx(60'^-32°) 

Ix -095+2x1 
■095x488+2x28 10236 

" -095+2 "" 2095"*^'^^ 

.% Am. = 48-86+32=80*-86P. 
Or we might have reasoned thus ; 

Let «= common tempnerature of the mixture. 
Copper is depressed (520 -a;)** 
Water is raised (a; - eO)*" 

Lbi. 8p. H. of Water. 8p.H.ofC(q^ 

.'. (620 -aj) : 2 (aj - 60) : : 1 : -095 
.'. 2 »- 120 = 49-4- -095 as 
.-. 2-095 a; = 169-4 
.'. aj = 80*-85F. 
The answer in the centigrade scale would be 

_ lx 095x271^+2x1x15} 

Ix -095+2x1 
or reduce the 80*''85F. to centigrade will give the same answer. 
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13. Show how to graduate a thermometer. Why is it necessary 
to t^e the height of the barometer into account in determining the 
boiling temperature (1866)? 

■14. Give your reasons for concluding that heat and work are con- 
vertible, the one into the other. Describe an en>eriment by means 
of whic^ the mechanical equivalent of heat may be ascertained^ and 
state its numerical value — (Honours, 1869). 

15. What is the great exception to the universal law of expansion 
by heat and contraction by cold? Can you give any other exception? 

16. Explain what is meant by the co-efficient of expansion, and show 
the enormous power of expansion and contraction by a few illus- 
trations. 

17. What do you mean by the molecular forces, and what are 
their names? 

18. How do radiation and absorption affect the steam-engine and 
its working? State clearly what you mean by the reciprocity of 
radiation and absorption. 

19. What are the laws of friction? Give a few simple illustrations. 

20. What are the instruments employed to measure temperature? 
Upon what principle are they all constnicted? 

21. What facts have been proved by the use of Mr Houldsworth's 
pyrometer ? Give a desdription of it. 

22. Explain the term cusmoning, and clearance (1866 and 1868). 



CHAPTER IIL 
THE STEAM ENGINE. 

Savary's — ^Newcomen's — ^Watt's — Cylinder and Crank — Single and 
Double Acting Engines — Clearance — Cushioning — Galvanio 
Action — ^Beam Engines — ^Parallel Motion — Guides— -Goyemor— 
Throttle Valve — Cataract — ^Eccentrics — ^Expansion Gear. 

64. (1) Bavaiys Engine. — Savary's waa the first steam 
engino employed to pximp water. He took out his patent in 
1 698. His engine consisted of a cylinder, in which steam was 
employed to produce a vacuum only, after which he relied 
upon the pressure of the atmosphere to raise the' water. At 
the top of his cylinder were two openings, each fitted with a 
pipe and a stop-cock. These were so arranged that the 
same handle opened one stop-cock and shut the other simulta- 
neotidy. ■ One pipe commimicated ^dth a boUer and admitted 
steam to the cylinder, the other with a cistern and admitted 
cold water to the cyliiider. Prom the bottom of the cylinder 
a pipe led down to the water. It acted thus : Suppose the 
haiidle of the stop-cock moved, and steam admitted to the 
cylinder, the instant it was full the handle was pushed back, 
and a dash of water &om the other cock condensed the steam 
and formed a vacuum ; then the pressure of the air on the 
water at the bottom of the mine forced the water up into 
the cylinder, which was prevented from returning by a valve 
openiDg upwards ; on a L>ond admission of stea^, its elastic 
force acting on the water drove it through a valve in the side 
of the cylinder opening outwards ; this steam was again con- 
densed as before, etc. We thus see the principle upon which 
it acted. The water was first forced by atmospheric pressure 
into a vacuum, after which the elasticity of the steam pressing 
upon its surface was made to raise it still higher through 
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another passa^. The ineffioiency of this machine is apparent. 
Its defects were : that steam was used in a cold cylinder ; that 
the steam was always in contact with cold water; and, there- 
fore, the greater part of it was lost ; that the engine was 
limited in its range and purpose ; that it must be always &x 
down in the mine from which the water was raised. 

55. (2) Newcomen's Engine. — ^Thomaa Newcomen was a 
Devonshire man, and the first to work out the idea of a piston 
at least in England). His engine was used for pumping, 
fact, the one idea of the early labourers at ilie steam 
engine was to adapt it, or to invent a machine, to pump 
water out of the Cornish mines. 

Newcomen placed his cylinder inmiediately above his boiler, 
from which steam passed directly through a stop-cock. As 
soon as the piston was at the top of its stroke, a cock was 
opened and cold water admitted into the cylinder to condense 
the steam ; a vacuum being thus obtained, the pressure of the 
air, 15 lbs. on the square inch, immediately drove down the 
pi£rtK)n, which was attached by a chain to the end of a sway 
beam moving on its centre. The piston being thus forced 
down by atmospheric pressure pulled up the other end of the 
beam at the same time, and with it the pump-rods, water, 
etc. When fresh steam was admitted it forced up the piston 
against the atmosphere, while the weight of the pump-rods, 
etc., at the other end assisted the steam. The weight of the 
pump-rods, etc., was generally made equal to half the pressure 
of the air on the piston. Tliis engine raised 7 or 8 lbs. for 
each square inch of the piston. Newcomen's was a single 
acting engine, because the steam acted on one side of the 
piston only. 

Newcomen's engine is represented in the figure on the oppo- 
site page, AP is the ashpit, FP the fireplace, B the boiler, S C 
a stop-cock to admit the steam into the cylinder H from the 
boiler B. The cylinder was bored as truly as possible, open at 
the top and closed at the bottom, being connected with the 
boiler by a short pipe containing the steam-cock. A piston p 
was made to move up and down in the cylinder, as air-tight as 
practicable, by packing its edges with hemp and covering the 
upper surfjEice with water, l^e piston rod r was attached by 
a chain c to the circular arc c (^, forming the end of the beam 
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edc, which vxis now for the first time introduced. The beam, 
working on its centre C^ was framed of strong timbers 




kswcomen's engine. 

firmly put together and strengthened by iron bars and straps. 
The whole beam was supported on a strong brick wall, B W. 
To the chain e attached to the other arc was fastened the rod 
pr of the pump to be worked in the mine. The power of 
the engine was in the dcyum stroke. The pump-rod was 
made heavy enough to act as a counterpoise by attaching 
weights g to it, so that it was heavier than the piston, piston- 
rod, friction, etc. When the cock S C was opened and air 
admitted, it would rise freely without violently jerking out 
the piston p. A safety valve was placed on the top of the 
boiler. The manner in which the engine worked was as 
follows : — 

The boiler B was filled with a proper quantity of water, 
and the steam '' got up " to a pressure a little above that of 
the atmosphere. The cock S was opened (supposing the 
piston at the bottom of the cylinder), and the steam entered 
the cylinder, when the piston ascended partly through the 

force of the steam, but chiefly in obedience to the counter- 

D 



50 STEAIL 

poising weights g. Just before tlie piston readied tlie 
top of tlie cylinder tlie steam-cock was shut and another 
cock was opened, which allowed water from the cistern S 
to flow through the pipe m and condense the steam in the 
cylinder, producing a vacuum, when the pressure of the 
external air, acting on the top of the piston, caused it to 
descend with a force proportionate to its area; and as this 
force amounts to nearly 15 lbs. on the superficial inch, it 
was fully competent to raise the end of the beam 6, and 
with it the pump-rods and water. We thus see that the real 
work was done by the (itmo8pheref and why it was called an 
atmospheric engine! 

Originally it was much less perfect than here described, 
for the condensation was in the Urst instance performed from 
the outside of the cylinder. The admission of water into the 
cylinder to condense the steam was discoTered accidentally, 
through some holes wearing in the piston of an engine which 
permitted the water placed upon it to keep it air-tight to run 
through and condense the steam, although we must remember 
Savary had introduced steam into his cylinder and ccmdenaed 
it in the cylinder. The great difficulty of opening the cocks 
at the proper moment was conquered by Humphrey Potter,* 
who attached some strings and catches to the cocks of an ' 
engine he was employed to work at Wolverhampton, in order 
to release himself from the trouble of attending them ; his 
contrivance gave the first idea of '^ hand gear." The greatest 
nicety and attention on the part of the workman was necessary 
in turning the two cocks at the proper moment; for if steam 
were permitted to enter the cylinder for too great a length of 
time, the piston would be carried out of it or blown out of its 
place ; while, on the contrary, if not opened soon eliough, it 
would strike against the bottom with sufficient force to break 
the cylinder. The steam was liable to become mixed with 
air, which was disengaged from the injection water. This 
air, together with the injection water, was discharged by 
a pipe n into the cistern «'. The pipe n terminated in 
a valve to preserve the vacuum, which valve, from the 
peculiar noise it made was called the snifiing valve or snifi- 
img clack, 

* Millington's Mechanical Philosophy. 
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Mr, Henry Beigliton, of Newcastle-upon-Tyne, effected 
most important imprDTements in Nevcomen's engine, by 
using what he called a "plug tree" for admitting and shutting 
off the steam, by introducing a small force pump to feed the 
boiler, and otherwise giving a better arrangomejit to the 
■workmg parts. In feet, the machine was frequently known 
as Beighton's Fire Engine. 

It was an abao^^rie eriffme, because it depended upon ' 
the presBure of the atmosphere to perform the down stroke — 
in feet, to do the chief part of the work. 

Its great disadvaab^e y/aa tiiat the cylinder was at one 
time required to be hot and at another cold ; that the fresh 
steam entered a cold, wet cylind^ whose temperature 
had just been rednced, thereby losing three^aarters of its 
power. 

66. (3) Watt^a Enginea.— Watt, having the model of an 
atmoB^eiic engine, 
such as we have just 
described, to repair, 
asked himself the 
question, whether it 
were not possible to 
prevrait the waetefnl 




1^ saw intuitively 
Qi.& great defect of the 
engine, and set himself 
to solve the problem 
of a separate condens- 
er, In this he com- 
pletely succeeded, and 
never left the steam 
engine nntil it was 
comparatively a perfect machine. He above figure is a 
feir representation of the great improvements he introduced. 
A B is a large casting, within which is placed the condenser 
C, the air pomp AP, and the hot well HW. T is the piston 
or bucket of the afr pump, with its two valves shut down, but 
shown by dotted lines as they will appear when the piston 
y is descending. £ F ia the exhaust pipe, to conv^ tlie 
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iised steam from the cylinder into the oondenser C. C W ia 
a pipe bringing cold water from the pimip, v the foot Yalve, 
V the delivery valve. W W W W is "water suirounding 
the condenser and air pump^ to keep the condenser cold. 

Let ns suppose that the steam having been used comes 
from the* cylinder, through the exhaust pipe E P. The 
moment it enters the condenser, it is met by a scattered jet 
of cold water from the rose head c, and is condensed. Ihe 
condensed steam and water fall to the bottom of the condenser, 
and pass or are drawn through the foot valve v. Then 
the piston or bucket V of the air pump comes down into the 
water ; the pressure of water opens the two butterfly valves, 
and the water passes through the valves and so gets above 
the piston. When the piston is drawn up the two valves 
are closed by the weight of the water above them, which is 
next forced or delivered into the hot well H W, through the 
delivery valve v, from whence part of it is pumped into the 
boiler through d, a part of iikefeed 'pmwp. As the air pump 
valve ascends a vacuum is formed in A P, the air pump being 
in connection with the condenser C, so that the condensing 
water passes by gravity, etc., through the foot valve v, or 
*^ follows the buckef As the air pump valve descends we 
see v must close, so must v'\ on the contrary, as it ascends 
both delivery ai^d foot valve will open. 

All water contains air more or less. The heat of the 
steam disengages the air fix)m the condensing water, which 
would rise through the exhaust pipe, and prevent the proper 
escape of steam, besides counteracting its pressure if not got 
rid of. The air pimip was, therefore, added by Watt to his 
invention of the condenser, to prevent air from accumulating 
and obstructing the engine. Hence its name, air pump, its 
ofice being not only to pump out the condensing water, but 
to keep the condenser free from air. 

57. Cylinder and Orank. — ^The Eigure on opposite page 
is a representation of a cylinder with a locomotive or three* 
ported slide. Cylinders are constructed of cast iron and 
bored with the nicest predsioiL They must be perfect cylin- 
ders, the same diameter from end to end. 

A B is the cylinder, F the piston, and P K the piston rod. 
C E the crank, and E a section of the main shaft turned by 
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the crank and connectmg rod OB. abia the stuffing box, 
and g d the gland. ^ ^ is the 
slide^ and r the slide rod by 
which the engine moves the 
slide up and down. S is the 
end of the steam pipe which 
brings the steam from the 
boiler to the cylinder, a is 
the upper port, c the lower 
' port, e is the exhaust port 
by which the steam escapes 
from the cylinder to the eon- 
denser after it has done its 
work. 

68. How the Engine Is 
Worked. — Suppose the slide 
is in the position shown in 
the figure, and that steam 
fills the valve chamber V V^ 
through the steam pipe S. 
Now, it cannot pass t^e back 
of the slide into the upper 
port a, because the slide is 
covering it over; neither, for 
the same reason, can it pass 
to the exhaust e ; but it can 
pass into the lower port c in 
the direction of the arrows 
and drive up the piston P, 
while, as the piston goes up 
the steam that drove it down 
and filled the cylinder on the 
upper side above the piston, 
is escaping freely through a, 
in the direction of the arrows, 
and passing off to the condenser through e the exhaust port. 

When the piston has arrived at tihie upper end of the 
cylinder, or at the top of its stroke, the slide 1 1 has moved 
down lower, so that the lower port c is closed against the 
admission of steam, and the upper one a opened; therefore; 
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Bteam vill enter the npper port and eacape at tlie lower, in 
a contnuy direction to the arrora, the piHton retnming to 
the bottom of the cylinder. 

59. Watt's Bingle Acting: En^e. -^ In thk engine 
A B is the cylinder, P the piHton, F B the piston rod, 8 
the steam pipe, D leads to the exhikuat, abo are three valTes 
on one spindle, a ia the steam or throttle valve, b the equi- 
librium, and e the ezhauat or eduction valve. 

The following is an e^luiation of the action of this 
engine : — Steam comes along 
the steam pipe S £rom the boiler, 
, when the valves a be, being in 
/^ the position shown in the figure, 
^ with a and o c^^en and 6 closed, 
the steam enters the cylinder 
A B in the direction marked by 
the arrows with tails, and drives 
the piston down, causing the 
pump valves at the other end to 
ascend. Steam that may have 
been under the piston in E can 
&eely pass away to the exhaust 
D. The moment the piston is 
at the bottom of its stroke tbe 
valves move to their second po- 
Bition, so that a and o rest on 
their seatA o, while b is opened. 
Thus, the steam that drove the 
piston down can pass through 
valve b, in the direction shown 
by the (UTOWS without tdls, get under the piston F, and 
assist in driving it up. The pump-rods at the other end 
are balanced by a counterweight to assist tills expanding 
steam. The action is then contiauously repeated : a and a 
op^i, steam enters through a, drives down F, and the steam 
under F escapes throu^ c, then a and c are closed, and 
steam runs round through b, to assist tiie upward motion of 
the piston. 

60. Donhls Acting Eng^es. — When^ steam drives th« 
piston both up and down the engine is termed double acting. 
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All our modem engines are double acting; but Newcomen's 
was an atmospberic and single acting engine, tbe piston being 
driven up by steam but down by atmospberic pressure. 
Watt's first engine was single acting ; the steam drove tbe 
piston down, while the weight of the rods, etc., at the other 
end of the beam brought it up. 

61. Clearance. — ^When a piston makes its stroke it is not 
allowed to touch the top and bottom of the cylinder for fear 
of knocking them off. 

The space between the top and bottom of the cylinder and 
the piston, when the latter is at the end of its stroke, is the 
dearcmce. 

Again, the term dea/ra/nce sometimes includes the capacity 
of the ports, passages, etc., with which the clearance proper 
is in communication. Clearance is always accempanied by a 
certain amount of loss, an average proportion of the steam 
pressure which varies with the amount of expansion ; or, the 
loss occasioned by clearance is decreased by an increase in the 
degree of expansion. 

62. Cushioning. — ^When the steam is shut in before the 
end of the stroke, the piston acts against it as against a 
cushion, and so is brought gradually (comparatively speaking) 
to rest. Suppose the piston is in the position A B when the 
steam is shut in, and that from A to C is 

12 inches. Let us also suppose that the 
elastic force of the steam remaining be- 
hind is 2 lbs., when the piston gets to 
D, 6 inches down, by Marriotte's law, its 
elastic force wiU be 4 lbs. ; when at E, 
9 inches down, it wiU be 8 lbs., etc. 
So we see at once the effects and advan- 
tages of cushioning, and that it must bring 
the piston gradually to rest, by destroying 
its momentum. 

63. The Piston, and how Fitted— Packing, etc.— As 

the piston is a most important part of the engine, great care 
and thought have been bestowed upon it. It must be per- 
fectly steam tight, and, at the same time, it is required to 
move easily within the cylinder. A cylindrical piece of iron 
is chosen and turned about a quarter of an inch smaller in the 
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diameter than the bore of the cylinder, and arotmd it is cut ft 
deep groove square in section; into this is fitted a metallic ring 
of brass or steel, but generally cast iron; this ring either fits 
steam tight against the cylinder by its own elasticity, or is 
forced against it by springs or other means. Formerly 
*' packing " was much used, when some rope yam was platted 
the exact size of the square groove, the precise length was 
cut off, and the ends neatly sewn together-^care being taken 
that no turns were left in the yam. The whole was well 
greased before it was fitted in. Metallic piston rings are 
now chiefly employed, the piston being composed of three 
parts, the piston proper, the junk ring, and the packing ring. 
The junk ring is bolted on to the piston by brass nuts fitted 
into recesses in the piston. The packing ring is next turned a 
little larger across than the diameter of the piston, and a small 
piece cut out; and the ends tapered to fit over each other; it will 
then require considerable force to bring the ends together. 
It thus forms a powerful spring, and }& placed between the 
junk ring and the piston, where a place has been left for it. 
The piston is now complete, and the sprint; or metal rinse 
bemg compressed into ite prJper position, thf whole is placed 
within the cylinder, forming a very steam tight easy piston. 

Pistons are seldom packed now, but the air pump bucket 
is ; because packing is cheaper, and also because in this case 
it answers better, for a large amount of galvanic action sets 
in and eats away the piston of the air piunp. 

64. Galvanic Action and Oxidation of Metals. — ^Metals 
are subject to two kinds of deterioration — ^galvanic action 
and oxidation. When two difierent metals come in contact, 
especially if they are constantly wet, a galvanic action- sets in 
between the two, and one destroys the other. For instance, 
who has not observed that old iron railings are frequently , 
wasted away towards the bottom, close against the lead that 
fastens them into the stone ? The reason is, that a galvanic 
current passes from one to the other, and the soft lead wastes 
away the hard iron. K we take, in the following order, 
silver, copper, tin, lead, iron, and zinc, we have them in 
their relative positions as regards galvanic action, and the 
fieurther they are from one another in this list the greater the 
effects of galvanic action. Those coming first in order will 
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destroy any that follow them. Copper, when in contact with 
tin, lead, iron, zinc, etc., will waste them away, but not 
silver — ^the silver will eat away the copper, tin, lead, etc. 
When copper pipes are fastened by iron bolts or screws, the 
iron is soon destroyed, especially in damp situations. 

Oxidation is a chemical action. When iron rusts we have 
an instance of oxidation. The oxygen of the air combines 
with the iron and forms oxide of iron (or rust). When the 
oxygen of the air combines with copper we have oxide of 
copper, or verdigris. 

Two other facts which are closely allied to oxidation and 
galvanic action may be stated, namely : — ^when superheated 
steam is einployed in jacketed cylinders, and much tallow 
introduced, it is found that the tallow is decomposed, and 
ea/rhonises the piston, so that it becomes more like a piece 
of plumbago than anything else. Cast iron long immersed 
in sea water may be cut with a knife. 

65. Staffing Boxes and Glands. — These are used in 
several parts of an engine. A good example may be seen in 
the fig. in par. 58, p. 53. The piston rod enters the cylinder 
through ' the stuffing box ah ; while the packing, the part 
marked so dark within the stuffing box, is pressed down in 
its place by the gland g d ; bolts pass through the flanges 
of both, so that when the steam leaks through the cover by 
the side of the piston rod, we have only to screw the gland 
down on to the packing and the leak is stopped by the 
packing being forced against the piston rod. A depression 
wiU be seen round the top of the gland close to the piston 
rod, it is to hold oil or tallow to lubricate the piston rod. 

66. (4) Beam Engines. — ^Newcomen's was a beam engine 
and so was Watt's, but the latter was far more perfect * than 
the former. The crank was patented before Watt wanted it, 
he therefore used the sun and planet wheel for a crank. The 

* Notwithstanding the varietur of forms into which it has been 
moulded, tiie steam engine is still the same machine in all its sim- 
plicity of principle as when it came from the hand of Watt ; it has 
the same reciprocating action, the same principles of separate conden- 
sation, and the same mechanical organization as it had 80 years ago, 
What can exceed in beauty of contrivance the parallel motion, we 
governor, and other motions by which this wonderful machine is 
rendered effective. Innumerable attempts have been made at its 



beam vas so advantageous oad so tliorouglilf uuxirporated 
in the eteom engine, that to early engineere it seemed an 
inseparable part of it as mucti as the cylinder and piston, 
therefore when it came to be adapted to marine propulsion, 
the side lever was the only modification that presented itself. 
The great advantage of ^ beam engine is that to the ptuis 
roquiiing it, it gives a longer leverage, and therefore greater 
advantage ; a long connecting rod is employed, and greater' 
freedom of motion is obtained. Again, a fly-wheel was used 
with it to accumulate power. 

A B is the beam moving on its main c^itre C, supported by 
a frame and pillars, of which D is a &ont one j B £ is 
the piston rod working in and out of the string box s, at the 
top of the cylinder £ F; G H is the air pump rod; H 
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the air pump witJiin the eond&iser H K (only part of which 
is shown) ; L M is the fted pmtvp. rod; M the feed pvmp, 
into which the pltmgorisseea descending; N a the pump to 
force up wat^ for condensationj A R is the cotiTiectinff rod; 

Improvement, and yet with the exception of working high pressnre 
itMm azpanaively, and by this meoca economizing fuel, there hw 
been no ahauge m the principle of the etaam engme, either in ita 
condensing or non-condensine form. It is still the engine of Watt ; 
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B S the crank; 6 the main shaft, on which is firmly fixed the 
fiy vjhed T V. The two dotted circles represent geftring. 

The above are the esaentiaJ parts of the engine, each of 
which shall be described ui detail as fi^ as neceasaiy. The 
other p^ts are the governor, to open and shut the IhrotUe 
vc^oe in the sfea/m pipe, the slide and elide casing, the starting 
gear, the parallel motion, the eccentric, etc. 

67. (1) The Beam is a lever of the first kind, and needa 
no desmption after an examination of the figure. The 
power is conveyed into the cylinder which moves the piston, 
the weight ia ihe force conveyed hy the crank, the fulcrum 
is the main centre. 

68. (2) The piston, the cylinder, the air pump, condenser, 
and stuffing box, have been already described. 

69. (3) The Teed Pump ia an ordinary force pump with a 
plunger to force the water into the boiler. 

A ia a solid plunger; t>, t>', and 
«• are three valves ; 6 »* is the 
pipe that brings the water to the 
feed pnmp; e o carries away the 
waste; G C leads to the boiler, 
while c is a cock to shut off the 
feed from the boiler. 

It acts thus : let us suppose 
the plunger is raised np, tiien a 
vacuum is left in the valve box 
c d, therefore water rises through 
the suction valve v*. Let us 
suppose c (Z is filled, then the 
descent of the plunger will force the water through tiie de- 
livery valve V and xrp the feed pipe C c to the bofler. But 
suppose the cock c should be closed, then the great pressure 
of water will force back the strong spring and open, liie valve 
«', so that the water can pass down the waste water pipe C o. 
Smnetimes instead <^ this arrangement for the waste water, 
the pump rod is disconnected when no feed is wanted, and 
thos the power necessary to work the pomp is saved ; or the 
water ia turned off before it reaches the feed valve box, axid 
tisA pump wastes its strength in acting against air. 

70. (4) The Pamp is an ordinaiy pump for raidng wate*-. 
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n. (5) The Connecting^ Bod and Crank have been already 
paxtiaUy described. They are used for converting a rectilinear 
into a circular motion. The connecting rod should be as long 
as possible ; it is generally from three and a half to four times 
the length of the stroke, but when cramped for room or 
otherwise, a much shorter rod is made sufficient. By increas- 
ing the length of this rod we do not increase the power of 
the engine, but it has greater advantage. A short connecting 
rod gives much pressure upon the sUdes and a great strain on 
the crank and crank-pin, but with a long connecting rod this 
pressure and strain are avoided. With a short connecting 
rod it is difficult to properly adjust the cut off. 

72. (6) The Short and Long Connecting Bod. — ^That is 
the best engine for its purpose, whatever that purpose may be, 
that with a given total length possesses the longest connecting 
rod. Marine engines frequently have the disadvantage of a 
short connecting rod ; it is a main condition with a marine 
engine that it should occupy but little space, while its 
momentum cannot be stored up in a fly-wheel. The dis- 
advantages that a marine engine labours under from having 
a short connecting rod are four :— 

The friction is increased on the guide pieces. 
The friction is increased on the crank shaft bearings, 
for at one time the crank thrusts the shaft downwards and at 
another pulls it upwards. 

(c) The firiction or strain is greatly increased on the cross- 
head pin between the connecting rod and piston. 

(d) The steam is admitted into cylinders in such a man- 
ner, that two violent initial pressures constantly and rapidly 
succeed each other, consequently an irregularity of motion is 
produced. 

78. (7) Ply Wheel. — ^The fly wheel is an accumulator of 
power, and assists the crank over the " dead centres." When 
the crank and connecting rod are in one straight line, as they 
must be twice in each revolution, the crank is said to be on 
its dead centre, because there the force of the piston is dead 
or ineffective. It is evident that when the crank is at right 
angles to the connecting rod, that the latter has most power 
on the former, but when the top or bottom dead centre is 
reached there is no reason why it should not remain there ; 
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but the action of the fly wheel then shows itself, for having 
on it a certain accumulated velocity, it cannot stop but goes 
forward, carrying with it the crank over the dead centre. We 
thus have through the momentum of the fly wheel no per- 
ceptible variation in the velocity of the engine, but the 
unequal leverage of the connecting rod is corrected, producing 
a steady and uniform motion. The fly wheel, it must be 
remembered, is a regvlator and reservoir and not a creator of 
motion, and when no fly wheels are used, as in marine engines, 
we must recollect that smoothness of motion is not an absolute 
requisite, and that the momentum of the engines themselves 
carries the cranks over the dead centres; but &r more 
generally a pair of engines work side by side, whose cranks 
are at different angles, so that one assists the other at the 
critical moment. The accmnulated velocity in the fly wheel, 
where the motion is required to be excessively equable, 
should be six times that of the piston when the cmnk is 
horizontal. The efficiency of the fly wheel in producing 
uniformity of velocity is materially modified by the motion 
of the machinery which the engine is required to drive, and 
resnilarity of motion is of much creater importance in some 
ca^es^ in others, so that in pi^portioninfa fly wheel to a 
given engine, attention must be paid to many particular 
circumstances which cannot be given in a general rule. 

74. (8) The Parallel Motion. — Although the parallel 
motion has been almost superseded by simpler pieces of 
mechanism, such as guides, quite as efficient, yet a descrip- 
tion cannot be wholly omitted. 

If the end of the piston rod g had been connected to the end 
of the beam, the piston rod would have been bent alternately 
to right and left as the beam rose and fell, and a continual 
jarring would be going on, constantly destroying the stuffing 
box, and rendering the cylinder leaky. 

Let us suppose that the simple lines in the adjoining figure 
represent the parallel motion, C ^ ijs half the beam, ^ ^ is the 
main link, c d the radius bar or bridle rod. As h moves up 
and down it describes an arc of a circle, with its convexity to 
the left. Now c d, the radius bar, moves on its fixed centre ^, 
consequently the point d will describe an arc with convexity 
to the right ; bo h throws ^ A to the left; and c d throws d e 



62 



STEAM. 




and "witli it ^ ^ to the right. Therefore it is eviaent that if 
these links and rod be proportionately adjusted, we shall 

have an arrange- 
ment that will com- 
pel the point gy and 
with it the whole 
piston rod, to move 
exactly perpendicu- 
larly. To accom- 
pli^ this there are 
PARALLEL MOTION. joints at g and d. 

To find the proper length of the bridle rod> 

Divide A in e so that 

Qe I ed 1 1 do i oe 

where o is the point to which the air pump rod is attached^ 

gdoThe : Qe II do I 06 
.'. Ae : Ce : : Ce : cd 

he 
The parallel motion will work most accurately when the 
radius rod from o to cl is about the same length as the beam 
from C to ^, they should therefore be kept as nearly equal 
as circumstances will permit. 
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76. Guides. — ^The parallelism of the piston rod is pre- 
served very frequently now by the use of guides. The above 
figure will at once give an idea of what a guide is. P is the 
cylinder, the dotted lines show the piston and piston rod con- 
tinued to the cross head c^; Or is the connecting rod, and r« 
the crank; the main shaft is 8\ the cross head c h slideB be- 
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tween the bars a h and e/y wMch. guide the piston rod paralleL 
Instances of the same are seen in various figures following. 

76. The Oovemor. — ^The governor consists of two balls, 
A and B, fixed on the ends of two arms and so arranged that 
they can freelj revolve round the spindle C D. Motion is 
imparted to the balls either by a pulley which is driven by a 
cord passing over another pulley on the main shaft by the side 
of the fly wheel, or else by a pair of bevel wheels placed im- 
mediately below D. 




OOVEBKOB AND THBOTTLB VALVE. 

When at rest the balls will remain close to the governor 
spindle, as in the figure, but when in motion the faster it 
moves the farther the balls will fiy asunder by centrifugal 
force. As they separate, the arms A and B will extend 
outwards, and will bring up with them the short arms G H 
and E F, which will move up the collars I L, when the arm 
M N will pull point !N to the left ; P is a fixed joint and 
P Q is firmly attached to P !N, so that point Q will be lifbed 
up and close the throttle valve Y in the steam pipe S, by 
means of two arms, one of which, Q Y, is shown in the fig. 
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moving the valve on its spindle. Thus, the faster or slower 
the main shaft moves, the faster or slower will the governor 
move and close or open the throttle valve and regulate the 
supply of steam, so that the engine may always be moving at 
the same velocity. In flying outwards, the balls attain a 
certain vertical height. How to find this height, and the 
length of the pendulum, is shown in the miscellaneous 
examples at the end. The weight of the balls does not 
affect the action of the governor at all, for i{ a heavy ball 
increases the centripetal force, it also increases the centri- 
fugal in the same ratio.' It is called the conical pendulum, 
or pendulum governor, because its motions are regulated 
9y the same laws as those which regulate the ordinary 
pendulum. 

77. (9) Throttle Valve.— From the last figure a good 
idea can be obtained of the throttle valve. It is a circular 
or elliptical plate moving on a spindle. Its opening, as 
regulated by the governor, determines the volume of steam 
that shall pass to &e cylinder. 

78. Governors. — ^A good governor must be entirely self- 
adjusting, and require no aid from the engineer. It must 
also regulate the supply of steam to the valves, so as to keep 
up a uniform velocity in the deliverer of work. When a 
water-mill and engine are combined to drive a mill, we have 
a test that will try the efficiency of a governor more than 
any other. The first thing in the morning, when the water 
is perhaps on a level with or running over the weir, let us 
suppose the water does eight parts of the work and the 
engine two. As the water is iised and lowered behind the 
dam, more work is gradually thrown on to the engine, so 
that towards the end of the day, the engine may perhaps be 
doing the eight parts and the water only two. The governor 
during all i£is gradation of change should be so capable of 
acting, that when the water-wheel loses, its force, that of the 
engine should increase in the same ratio, and keep the mill 
moving at a uniform velocity. To effect this, the governor, 
as well as working a common throttle valve, has to put in 
action an arrangement of bevel wheels, to set the sluice in 
motion.* When the balls fall to a certain point, they throw 
into gear a S3rstem of mechanism, consisting of an oi'dinary 
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clutch and bevel wheels, which move the ponderous sluice by ^ 
which the water passes to the wheel. 

** This laborious duty of moving the sluice is assigned to 
the water-wheel itself to perform; and the office of the 
governor is merely to suggest to the unreasoning wheel 
which way to move its own sluice, so as to feed itself 
properly and regularly. This is accomplished by a very 
familiar combination of two bevel wheels running loose upon 
a shaft, with a clutch between them, and working into a 
third — the third being the wheel that communicates with 
the sluice. Each of the two wheels, when giving motion, 
necessarily turns the third wheel in opposite directions; and 
as the governor rises or falls by change of velocity, it 
reminds the third wheel, by means of the clutch being made 
to slide or move either to the one bevel wheel or to the 
other, in order that the proper wheel may have the motion 
which is suitable for the necessary movement; and during 
the periods when the required speed of the water wheel is 
maintained, both of the bevel wheels are at rest, the governor 
being always sensitive and on the alert to jog the one or the 
other."* 

79. The Cataract. — ^The cataract supplies the place of the 
governor in the single acting Cornish pumping engines. It 
consists of a small pump plunger a and barrel h c set in a 
cistern of cold water A B; e? is a valve opening inwards, so 
that when the plunger a ascends, the water passes through 
d from A B into be; / ia a cock opened and shut by the 
plug e, moved by the plug-rod g, worked by the beam over- 
head. K the plunger be forced down, the water will pass 
through / in proportion to the opening of /. When the 
beam has moved fully up, it liberates the rod that works the 
plunger; then as the chamber fills with water through df, 
as the plunger ascends, so when the latter comes down the 
pressure of water will close d, and the weight of the plunger 
will force the water through /as rapidly as the opening will 
allow. The way it is carried away is not shown in the 
figure. K the cock be shut, the plunger cannot descend; if 
only slightly opened, it will descend gradually, etc. As 
soon as a certain quantity of water has passed through/ its 

• * 

* Anderson's Cantor Lecture, 1869. 

E 
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. veigbt opens the injectioa valve, and oondenBatioii takes 
place, when the engine can complete ita stroke; for the 
engine can only make tiie stroke as the vater is supplied for 
condensation. It thus regulates the speed of the engine; tor 
if the cook be fully open, condensation takes place at once, 
and if only partly open, condensation will be delayed till 
the water ii 
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80. Marine OoTernor. — Owing to the unsteady motion 
of a ship, arising &om pitching, rtlling, etc., the ordinary 
pendulum governors are unfitted to regulate the speed of 
the engines. Mr. Silver has solved ttie problem how to 
adapt a governor to a marine engine. He has employed 
several arrangements for canying out his ideas. The one of 
which a section is shown in the figure on the opposite page, 
seems the best adapted te the purpose. 

A B is a small fly-wheel about SO inches in diameter, on 
which are fixed two fiieis or vanes, F. The faster the 
engine goes the greater resistance wUl these vanes offer to 
the air. P is a pulley worked by a cord and loose on the 
spindle » s, while E is an eccentric and K a lever. To E 
at the tep of the pulley, for the position given in the figure, 
is affixed a spring. The engineer has to tighten up or 
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slacken this spiing according to the speed at whicli it is 
intended to drive the engines. K is the lever from which 
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silver's marine governor. 

the motion is conveyed to open or close the throttle 
valve. 'ySTithin D are fonr pinions to communicate the 
action necessary to effect the purpose of the contrivance. 
SometimeB thJe are six pinionsfoi^ below h and d respect- 
ively. 

At the uniform speed of the engine, it revolves to- 
gether in connection with the engine as the motive power; 
but when accelerated by the running of the engine, as when 
the screw is out of water, the increased pressure on the 
governor fans, or blades, causes the motion to act on the 
eccentric E, or the lever K. The fly-wheel is loose on the 
shaft 8 e. Pinion b is fixed to the pulley by means of a 
short tube b; pinions a and c are cast in one, and work 
loose on the shidft. Pinion d, the eccentric E, and the valve 
gear are fixed on the shaft; 88 are the bearings. The 
fly-wheel revolves about eleven times to four of the pulley. 
Before this governor was invented, no governor had been 
applied to marine engines that would produce a steady motion^ 
It is excessively sensitive, and the least increase or retarda- 
tion of speed causes it to act upon the valve. When the 
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pulley is miming very fast, the inertia of the fliers and the 
resistance of the air will not allow the fliers to go as fast as 
the pulley, so the pinion a runs as it were back on h (or b 
overtakes a), and acting on the spring at E and the lever at 
K, the latter closes the throttle valve. In one arrangement 
of this governor, the spring itself works the valve. 

81. To Close the Throttle Valve.— To maintain the 

spring at the elasticity at which it is set requires a certain 
speed, and when the engine falls below this speed the spring 
slackens itself, and allows the valve to open. 

82. Eccentric. — ^The eccentric consists of a disc of metal 
encircled by a hoop or strap, to which is attached the 
eccentric rod; in the disc is a hole to pass it on to the main 
shaft. The centre of the eccentric does not coincide with 
the centre of the shaft. When the shaft revolves it carries 
with it the disc, which, moving with the hoop, gives a recip- 
rocating motion to the eccentric rod. 






xooEErrBic; booxntbio bod, Aim obab. 

A B is the eccentric, B C the eccentric rod. abc is the 
solid disc that can move round within the strap or band 
d ef; is the centre of the disa S is the main shaft^ on 
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which the disc is tightly keyed* As the eccentric or disc 
reyolves within the strap, it -will be easily seen that the point 
p moving round will come into the positions p' p" and p'", 
and that the point will be thrown alternately to the right 
and left. D E is a bell-crank lever supported on "D, a 
fixed point, and therefore since moves alternately right 
and left, E moving along the arc of a circle will receive a 
vertical reciprocating motion, and alternately pull the slide 8 
up and down. The distance between the two centres o and 
3 (marked by a line in the figure), is called the throw of the 
eccentric. The disc is generally keyed on one^ixteenth of 
a revolution in advance of being at right angles to the crank. 
The throw of the eccentric is the eccentricity, or the radius 
of the circle described by its centre during a revolution of 
the crank shaft. 

83. To Reverse the Engine with the Single Eccentrla— 

When an engine is fitted with a single eccentric, the engine 
is reversed by hand. The engineer notices the position of 
the crank, and takes the starting bar and admits steam 
to the cylinder, so as to make the crank move in the 
direction required. The eccentric is fitted on to the 
shaft, so that it can be moved nearly halfway rounds 
or rather there are two stops on the eccentric, and one 
on the shaft. The shaft revolving, as we have just 
said, moves without the eccentric, so that the stop on 
the shaft leaves one of those on the eccentric, and when 
the shaft has moved halfway round, it comes against 
the second stop on the eccentric, which will be then 
in its proper position for working the slides, and so 
the motion of the ^igine is continued. To throw this 
eccentric in and out. of gear, a recess is cut in the eccentric 
rod (care being taken that it is in its exact position), to this 
a pin is fitted to connect it with the slide rod, or gab-lever 
pin. When the- engineer has started the engine by hand (by 
lifting up the slide with the starting bar), and wishes to 
attach the motion of the eccentric to it, he watches his 
opportunity and lets the rod fall on the pin; the pin will in 
half a stroke fsH into the recess* It is kept in its place by a 
bar or strip of iron placed over the entrance of ^e recess, 
held there by a spring.. 
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84. The Double Eccentric, oi Stephenaon's Link Motion. 
— ^ThiB contrivance, used^ both in the looomottve and marine 
engine, vraB invented by Stephenaon to enable the engineer 
to quickly leveree his engine, and so go baokwards or for- 
■wBidB at pleaaure. 

It conaiatB of two eccentrics, H and G, with their rods 
A D and C E, the one called the forward, the other the back- 
ward eccentric. The two are connected by a link, D E, with 
a elotway in it. In the elotway moves the block p, fastened 
to the end of the valve rod a. 

The bell crank lever, D E p, is to move' the link up or 
down. "Whien the forward eccentric is moved so as to work 
the valve rod it moves the elide, and the ship of locomotive 
goes forward ; but when the backward eccentric works the 
^de rod, the engine is reversed. The IjtiIt motion is thus a 
simple and exp^tious mode of reversing the engine expe- 
ditiously, and almost without trouble to the enginemau. 

When we consider that the forward eccentric rod, A D, 
sends the engine one way, and the backward rod, C E, sends it 
the other, we Bee that the travel of the slide has been revised, 
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as it were. Again, if the pin ajid IitiIt be placed in the podtiou 
Bhown in the figure, the slide has then but little travel, and 
we can see Uutt this travel is increased just in the same pro- 
portion as the bell crank lever, D E ^, mores the link D B 
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np or down from the mid position. As the amount of open- 
ing for steam depends upon the motion of the slide, b j leaving 
p in different positions in the slot^ we open and close the 
port at and during varying times. This is done by not 
placing the block at the extremity of the link, but at a distance 
from it, and resting the lever in its proper place. For this 
purpose an arc or sector with notches in it is attached to 
the link motion, to &s. the handle in and secure the required 
opening thQ engineer may deem best for the speed required. 
This is not expansion, but rather wire-drawing the steam. 
In fact, Stephenson's link motion cannot properly be used 
to give different grades of expansion, it only alters the travel 
of the slide ; for when the pin is in the middle of the link, 
the motion of neither eccentric is imparted to the slide rod. 
The pin being at the end of the link, the slide rod will receive 
full motion, and full steam will be given to the cylinder; but 
when the block lies nearer to the centre of the link, less and 
less steam is given to the engine, and consequently it moves 
the more slowly. This point is more completely illustrated- 
under the heading " The manner in which the Link Motion dis- 
i/nbutea the JStecmi" in the chapter on the Locomotive Engine. 

85. Expansion Gear for Marine Engines. — ^Various plans 

are adopted by different makers. Some use cams placed on 
the shaft in such a position that when the valve is connected 
with the cam, by an arrangement of rods, levers, etc., steam 
can be admitted into the cylinder, but when not so, the ports 
are closed against the admisision of steam. The great objec- 
tion to this arrangement appears to be, that when the roller 
comes off the cam, it, together with the valve, drops with a 
sudden jar, which causes a very unpleasant noise in the 
engine-room, and also a great amount of wear and tear in the 
machineiy itself. 

The best plan appears to be to have an eccentric, to which 
is connected a slidii^ valve in the steam chest. This eocentrici 
is fixed to the shaft in such a position, that when the valve 
is in connection with it, it shuts off steam at the required 
portion of the stroke. The different grades of expansion are 
regulated by a lever with recesses in it. This is among the 
connections of the expansion gear. Care is taken when throw- 
ing it out of gear that the expansion valve is not closed, or 
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else the eligine will stop. In some cases the throttle valve id 
used as an expansion valve, under which circumstance the 
fall benefit of expansion is not gained, for that requires the 
total cutoff of steam, which the common throttle valve cannot 
do on account of its shape, but it wire-draws the steam. The 
expansion valve and eccentric to work it are perfectly distinct 
from the slide valve and ordinary eccentric. 



EXERCISES CHIEFLY FROM EXAMINATION PAPERS. 

1. Give an account of the steam engine before the time of Watt^ 
with a description of his improvements (1866). 

2. Explain the terms cushioning, clearance, lap, and lead (1866). 
Z/op and lead are explained in a succeeding chapter. 

3. What is a circular inch ? 

A safety valve 7 inches in diameter is loaded to 6 Ihs. on the square 
inch, what would he the load on each circular inch (1867) ? 
A circular inch is a circle whose diameter is one inch. 

Am, 4*7124 lbs. 

4. The area of a piston is 4876*84 square inches, find the diameter 
of the air pump, which is half that of the cylinder; find also the 
capacity of the pump, supposing it similar to the cylinder (1867). 

Ans, Dia. of air pump, 39*899 inches. Cap., 1219*21. 

5. Describe with a sketch the single acting engine (1867). 

6. What is the foot valve ? Is it a necessary appendage to a steam 
engine ? If it is not used, what arrangement must be made in con- 
sequence (1867) ? 

There need be no different arrangements made when an engine 
is worked without a foot valve ; for me bucket of the air pump must 
in any case come right down into the water, as there is a vacuum 
both in condenser and air pump, so the water cannot in sufficient 
quantities follow the bucket, out must pass through the bucket valve 
in the down stroke when it plunges into the water. When no foot 
valve is fitted it is customary to let the steam enter the condenser as 
near the top as convenient, for it is found that a little more water 
remains in tne condenser than is generally the case. Where surface 
condensation is employed you mu8t have a foot valve, because the 
steam and condensmg water not mixing there is a greater amoimt of 
vapour to deal with, which is likely to expand and contract in the 
passages, following the bucket, but not passing through it. 

7. The area of a piston is 4476 square inches, and the diameter of 
the piston-rod is one-eighth that of the piston, find it (1868). 

Ana, Dia. of piston rod, 9*43 inch. 

8. The pressure of steam is 15 lbs. on the square inch, and that of 
the uncondensed vapour is 2 lbs., compare the effective force in the 
ttp and down stroke respectively (1868). 
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If the pressnre of the atmosphere is greater than half the sum of the 

Sressnres of steam and uncondensed vapour, then the pressure in the 
own stroke is greater thui the pressure in the up stroke, and vice 
.versos—' 

Pressure of steam = 15 + 15 = 30 
Pressure of uncondensed vapour =2 

.-. Half their sum=??±?=16 lbs. 

Pressure of atmosphere = 15 lbs. 
. *. the pressure is greater m the up stroke than in the down stroke. 

9. Describe generally the improvements introduced by Watt into 
the steam en^e (1868). 

10. The imtial pressure of steam in a cylinder whose stroke is 5 
feet 4 inches, is 45 lbs., and expansion commences when 2 feet 3 
inches have been performed; find the pressure at the end of the 
stroke. Find also the horse power if the area of the cylinder is 2218 
square inches, and the number of strokes per minute 30 (1868). 

Ans. Terminal pressure 18*984 lbs. 
For horsepower, see questions at the end. 

11. How IS steiun admitted into the cylinder? Describe with a 
•ketch the usual mode in marine engines for working the gear con- 
nected with the slide (1868). 

12. What means are used to keep the piston rods and air pump 
rods steam tight (1867) ? 

13. Give an account of the principal discoveries of Watt, and the 
advantages derivable from them (1867). 

14. Investigate an expression for the length of the radius bar in 
Watt's parallel motion. 

15. A pair of double cylinder engines is substituted for single 
cylinder enfl;ines of 78 inches diameter, if the total area of tiie 
piston and length of stroke be the same in both cases, compare the 
surfaces of the cylinders exposed to the friction of the pistons (1867). 

Ans. 1 : \/2l 

16. Give a sketch of the feed valve box and pipes, and name the 
valves. Is it necessary to have an air vessel to the exit pipe when 
an overflow valve is fitted to the box (1867)? 

It is not necessary to have an air vessel fitted under such circum- 
stances ; the air vessel, as in the case of the fire engine and other 
pumps, is to give a contmuoua stream of water, which is not required 
in the overflow of a feed valve. 

17. What are the foot valve and delivery valve ? What is meant 
by blowing through? How is it effected (1868) ? 

18. Describe the method adopted for keeping the cylinder, air 
ptmip^ sUde valves, etc., air and steam tight. i)escribe the strap, 
gib, and cutter, and explain their use (1868). 

Blowing through, and strap, gib, and cutter are explained in a 
succeeding chapt^. 

19. Shffw how to find the work done bv a crank. What force ap- 
plied to the extremity of a crank at right angles to it will do the 
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same work as a mean pressure of 4 tons acting on a piston throngli- 
out the np and down stroke (1868) ? 

Let P be the pressure on the piston, and p be the power applied to 
the extremity of the crank at right an^es to it. 

Then the units of work done by I* in the np and down stroke 
=P X 2 4 where I is the length of the stroke. 

The extremity of the craz£ moves through a distance = 2 ir-^, for 
if the length oi l^e stroke be ^ the radius of the circle described by 
the end of the crank, or the length of the crank, is 4* 

. *. units of work periormed by p at right angles to the end of the 
crank = p x 2 ir 4. 

By the condition of the question these two units of work must be 
equaL 

.% P X 2l=ip X 2r X 4. 

.\2P=p«'. 
op 
•••JP = -^ (generally). 

In the particular case given above 

_ 2xJ: _ 2-546 tons. 

20. Describe Kewcomen's atmospheric pumping engine, and point 
out its defects (1869). 

21. How does the steam act in (1), a single acting condensing 
engine ? (2) a double acting condensing ? (3) a high pressure engine 
(1869) ? 

22. Describe with a sketch some form of slide valve as connected 
with the steam cylinder of an engine, and exphdn its action (1869). 

23. Describe the great improvement introduced by Watt into the 
construction of the steam en^e. Distinguish between a sincle 
acting and a double acting engine ; what valves are necessary for uie 
workmg of a single acting condensing engine (1869) ? 

24. Describe some form of steam ^de valve adapted for a double 
acting engine. How are the faces of such a valve prepared so as to 
make it steam tight (1869) ? 

For latter part of this question, see Chapter YIL, par. 148. 

25. Describe the construction of a piston, and exphdn the method 
adopted for keeping the piston and piston-rod steam tight. Describe 
also the strap, gib, and cutter, for tightening the brasses at end of 
ft connecting rod (1869-71). 

26. The circumference of a piston-rod being 30*5 inches, £nd its 
diameter (1866). Aru. 9-708; 

27. The total pressure on a pgtir of equal pistons is 90 tons at thd 
rate of 45 lbs. on each square inch, find their diameter (1866). 

Ana, 53*4 inches. 

28. Explain the action of the governor and throttle valve in re- 
gulating the speed of an engine (1^9). 

29. find the load on the air pump bucket of a steam engine when 
seventeen feet b^ow the level of the water outside the ship, the 
pressure of the atmosphere being 142 lbs., and that of the steam 
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within the oondenser 2} lbs. (a cubic foot of water weighing 64 lbs.) 
(1865). Ana, 19| lbs. per square inch. 

30. Enumerate the things to be d<me in a double acting condensing 
steam engine, and describe generally the method of accomplishing 
them, so as to give a fair idea of the engine itself (Honours, 1869). 

31. Ihrolain the principle of Watt's parallel motion in its simplest 
form. Show how to arrange that two or more points shaU describe 
parallel straight lines (Honours, 1869). 

32. Describe some form of slide yalve as fitted to the steam cylinder 
of a double acting engine. Sketch the valve in section, with the 
openings over which it slides, and give it some amount of lap on the 
steam side. How is the face of such a valve made truly plane (1871)? 

33. What is done by the air pump in a steam engine ? What are 
the foot and delivery valves ? and where are the^ pUced (1871) ? 

34. The cylinder of an engine is 74 inches m diameter and the 
stroke is 7i leet, what is the capacity of the cylinder ? How many 
pounds of water must be evaporated in order to fill such a cylinder 
with steam at an actual pressure of 15 lbs., it being given tiiat steam 
at 15 lbs. pressure occupies a space equal to 1670 times that of the 
water* from which it is generated (1871) T < 

Ans, Capacity 224*002 feet. 
Cubic feet of water *1341. 

35. Give a description of the steam engine in use before the time of 
Watt, with an account of his improvements (1863). 

36. Mention the distinguishing feature of the atmospheric single 
acting and double acting engines. What kind of engine is generaUy 
fitteato steam vessels? and what kind is best suited for land carriage 
(1864) ? 

37. The mean indicated pressure of steam from above the piston 
was 14*9 lbs., and the vacuum pressure 3*2 lbs., and the corresponding 
pressures from below were 15*4 and 2*7 lbs. ; what were the mean 
effective pressures per square inch during the up and down strokes 
respectively (1864) ? Afu. 12*2i 

313. The length of the stroke of a steam engine is 5 feet 6 inches, 

and the boiler pressure 12 lbs. above l^e atmosphere, the steam is 

cut off after the jpiston hte traversed 2 feet ; find the pressure of the 

steam in the cylmder when it opens to the exhaust, which is 2 inches 

before the piston arrives at the end of a stroke (1865). 

The steam is cut off 2 inches from the end of the stroke ; so> 

therefore, steam pressure is continued for 5 feet 4 inches = 5J feet. 

The total i>ressure of steam is 12 lbs. + 15 lbs. = 27 lbs. 

The following relation always exists : — 

Initial pressure : terminal pressure : : whole stroke : part of 

stroke performed. 

• '. 27 : terminal pressure : : 5J : 2. 

27 X 2 
.*. terminal pressure = ^*^ = 10| lbs. 

5i 
39. Explain the manner in which the steam acts in Watt's single 
acting pumping engine. Why is this engine so mjich more economical 
in steam than the old atmospheric (1870) ? 
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40. Tho diameter of a safety valve is 10 inches, find the difference 
in total pressure of the steam to raise the valve if it be 9 lbs. per cir- 
cular inch above what it would be if it were 9 lbs. per square inch 
(1864). Ana, 193*14 lbs. less when 9 lbs. per circular inch. 

See questions at the end. 

41. What is the diameter of a valve containing 125 square inches 
(1865). Ans, 12*6 inches. 

42. In what way is steam admitted into the cylinder ? How is the 
apparatus worked (1865) ? 

43. Draw in section the cylinder and the slide valve of a double 
acting engine, and explain the manner in which the valve regulates 
tho admission and exit of the steam (1870). 

44. Why is it economical to cut off the steam before the piston has 
gone to the end of the cylinder? The length of the stroke of an 
enffine is 8 feet, the pressure of the steam on entering the cylinder is 
30 lbs. on the inch; at what point should the steam be cut off, so that 
the pressure at the end of the stroke may be 5 lbs. per inch (1870) T 

Ans. 1 foot 4 inches, or J. 

45. Sketch in section the steam cylinder and valves connected with 
it, as arranged in Watt's single acting pumping en^e. Explain the 
object and use of each valve, showing at what periods of the stroke 
they should be respectively open or dosed (1870). 

46. Explain the principle upon which the parallel motion of a beam 
engine is constructed (1870). 

47. Describe the construction and airangement of the working 
parts in a double cylinder engine, and j^oint out the advantages of 
such engines in carrying out me expansive work of steam (Honours, 
1870). 

48. State what you understand to be the advantage of working 
with superheated steam in an expansive condensing engme, explaining 
what will probably occur in the interior of the c^^der, according as 
the steam is superheated or otherwise (Honours, 1870). 

See former chapter. 

49. It was stated by Watt that neither water nor any other sub- 
stance colder than steam should be allowed to enter or touch the 
steam cylinder during the working of an en^ne. Show that this 
rule was not adopted m the case of the atmospheric engine, and de- 
scribe the arrangement by which Watt gave effect to it (1871). 

50. There are three valves connected directly with the steam cylin- 
der in Watt's single acting condensing engine, name them. During 
what portions of tiie up and down stroke of the piston should these 
valves be respectivel^r open or shut ? and for what reason (1870) ? 

51. State the principle of Watt's single acting en^e as applied in 
pumping. What valves are necessary for the working of the engine? 
Mow is the number of strokes to be made per minute regulated? 
Describe the cataract employed for that purpose (1871). 

52. Show that a single slide valve will suffice to work a double 
acting engine in the pli^ of two steam and exhaust valves. Explain 
with a sketch the action of any slide valve (1871). 

53. Describe the* locomotive or three-ported valve, as applied in 
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engines of short stroke. Why is its use so restricted T Show that 
lap added to the valve produces expansive working of the steam 
(1871). See Chapter VII. 

54. Describe the eccentric for working the slide valve of a steam 
engine. How is it thrown in and out of gear ? How is it attached 
to the slide rod in an oscillating engine (1870) ? 

For latter part of question, see next chapter. 

55. Describe fully the double eccentric, and show how the eccentrics 
are fixed on the shafts. What is meant by back lash ? 

When one part of an engine runs or faUs back on another with a 
noise it is called back lash, as the single eccentric will sometimes do 
against the stops, and one toothed wheel against another. 

56. Describe the eccentric as applied in giving motion to a slide 
valve. In what way must you change the position of the eccentric 
pulley upon the shaft relatively to the crank in order to reverse the 
motion of an engine (1871) ? 

57. Describe the double eccentric with a sketch (1869). 

58. The single eccentric is fitted with a weight to balance it, what 
would be the effect on the slide if it were to become detached (1866)? 

The slide would fall in the casing in certain positions and would be 
useless ; the fact is, the engine co^d not be worked. 

59. Describe the method of reversing a marine engine when fitted 
with a single eccentric (1871). 

60. How is an engine reversed when fitted with a single eccentric 
(1870) ? 

61. Explain how the reverse motion is obtained in engines fitted 
for paddle wheels and screw vessels respectively (1871). 

62. Describe some arrangement of expansion gear suitable for a 
marine enmne. What form of valve would you employ (1870) ? 

63. Ex]^ain the v^ in which the eccentrics of marme engines are 
fixed on the shaft. Xoplain also the method of obtaining tiie back 
motion (1864), 



\ 



CHAPTER IV. 
MABINE ENGINES. 

Condensfiig and Non-Oondenfimg — Side Lever — ^Twin Screw Engines 
— ^Hammer Engines — Compound Engines — Gontinnous Expansion 
Oscillatii^ Engines — Steei>le Engines — ^MaudslaVs Twin fingine 
— ^Beam and Geared Engine — ^Trunk Engine— -Horse Power — 
Duty. 

Ekoines are first divided into two classes: — 

(1) Condensing Enoines, miscalled low-pressure. 

(2) Non-Condensing Engines^ miscalled high-pressure. 

We should avoid the use of the two terms high aud low 
pressure^ as they are scarcely applicable to engines of the 
present day. 

86. Marine Engines are generally divided into two classes 
— ^those adapted to drive the pad(Ue wheel, and those best 
suited for the screw. The chief difference seems to be, that 
engines to drive the screw are direct acting, i.e., their piston- 
rods are directly attached to a crank on the shaft, while 
in the case of paddle wheels they are not always direct acting, 
but the motion is conveyed through the intervention of side 
levers. In the direct acting engine, it is often a prime object 
with the engineer to obtain a long stroke. To gain this end, 
many of the various modifications in marine engines have 
been suggested. 

But let it be';well understood that no particular engine, 
perhaps with the exception of the side lever, is entirely con- 
fined to either class. Every student should seek oppor- 
tunities to examine the engines in his neighbourhood as 
minutely as possible. An hour spent in this way will some- 
times add more information to tiie student's repertory than 
days at his books alone. 

87. The Side Lever Engines.— The first engine employed 
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to drive tlie paddle wheel was a side lever, in wMcli tlie 
ordinary beam pnmping engine was modified to obtain the 
requisite rotatory motion, and the beam placed by the side 
of the cylinder, condenser, etc., to stow it into as compact 
a space as possible. In the original side lever the end A of 
the beam AB was worked up and down on its centre C by the 
side rods AD, while to the end B was attached the connecting 
rod working the crank above. 




SIDE LEVER ENGINE. 

Our figure is a new arrangement of this engine, C^ is the 
cylinder, in which the piston is shown by dotted Imes, the 
piston-rod is immediately behind AD, and not shown. As the 
piston moves up or down, the end of the cross head at D lifts 
up or down the beam AB by means of the side rod AD, 
and turns it on its centre B; as it reciprocates on its centre B, 
the connecting rod H turns the crank B S, which carries with 
it the paddle shaft S. 

E is the air pump, underneath which is the condenser 
C F. The air pump is worked by its side rods ad, in the 
same way as the larger cylinder Cy is worked ; G can be 
used both as a feed and bilge pump. B is attached to 
strong framing. The whole works as a lever of the second 
class. 

V the valves are worked by the rod he working the bell 
cxank lever on its centre e, which ^ves an alternate upwards 



and downwards stroke to the slide valves. The details cou- 
sected with & c- are not properly shown, e being attached 
near to the main shaft. 

The piston-rod is compelled to move perpendicularly by 
means of the guide rod D H moving between two guides. 

In all side lever engines there aro two side levers and two 
side rods both to cylinder and pumps; the side rods are 
connected to the two ends of the piston cross head, which ia 
mode, for this purpose, a little longer than the diameter of 
the cylinder. 

The condenser F C beneath the lur pump sometdmes ex- 
tends underneath the cylinder. 




88. Twin Screw Engines. — Many engines placed simikrly 
to the above have been constructed to drive twin screws. The 
propellers aie £zed one on each side the rudder, and a little 
in front of it. With two screws so situated a ship can very 
readily be turned round — an advantage frequently of con- 
siderable moment. There is great trouble in franung suffi- 
ciently strong brackets to cany the screws ; all the machineiy 
must he in duplicate, which necessaj-ily occupies more room 
uid requires more attention. H. M. S. "Abyssinia" is fitted 
with engines placed somewhat in the position shown in the 
above figure; but frequently engines to drive twin screws are 
arranged horizontally, the port and starboard engines lying 
forwe^ and aft of each other. 
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In engines built for some Spanish gunboats, B is tbe surface 
condenser, and is placed in that position to form a frame and 
support for carrying the engines. Another arrangement is 
to £x the ordinary condenser in the same position to perform 
the same function. Hence^ such engines will occupy but 
little space. 

A and A are the cylinders with their pistons PP, and piston 
rods pr. C C are the connecting rods, C S the cranks, while 
the shafts S are shown by circles in section. 

89. Hammer Engines. — ^These engines, which differ little 
from an ordinary vertical engine, are so called because 




HAMMER ENGINE. 

they are supported on a frame resembling that of a steam 
hammer, with the cylinder in a similar position to that 
of the steam hammer — viz., overhead. They are direct 
acting. 

A B is the cylinder, P the piston, P R the piston rod, C R 
the connecting rod, and C S the crank with shaft S. The 
guides a h working in the sides of the frame preserve the 

F 
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parallelism of tlie piston rod. A P is tlie air pump, with its 
piston-rod working in a trunk c d. The lever, D E, which 
works the air pump, moves on the centre F by means 
of a small rod which comes from the centre of tibe guide 
block to the end of the air pump beam, as shown in the 
figure. 

The condenser is G, from whence the water is forced 
out by the air pump on its down stroke. It is a single 
acting air pump. TMs class of engine is very much used in 
our commercial marine, on account of the small space they 
occupy. 

There is plenty of room round the engine, which is 
economized, and used for the stowage of coals, stores, etc., 
and frequently for the engineers' bath and mess rooms (in 
large steamers), so that they are ab^ays at hand and near 
their work. 

90. Compound Engines, called also High and Low Pres- 
sure Engines. — ^A compound engine is an engine with two 
cylinders, the one frequently double the diameter of the other. 
Steam is admitted from the boiler into the smaller cylinder, 
and after it has driven the piston up or down it is then 
allowed to pass into the larger cylinder, when, by its expan- 
sive property, it drives the larger piston dovm or up. Woolf 
was the first to introduce this principle; it has been practi- 
cally applied by Humphrey and others, and further modified 
into what is called the continuovs ea^nsum principle by 
Messrs. Stewart and Nicholson. 

In Woolf and Humphrey's engines the larger cylinder is 
worked entirely by the exhaust steam from the smaller; but 
in Stewart and Nidiolson's the steam partially acts on both 
pistons at the same time; but we will presently further 
explain this. 

The compound engines proper are arranged in two ways, 
either the cranks are placed at certain angles, or else when 
one is at the top of its stroke the other is at the bottom. 
When one crank is set at an angle with the other, the steam 
is kept back for an instant after driving the piston of the 
small cylinder up or down until wanted in a receiver, to be 
ready to enter the laiger cylinder when its piston arrives at 
the end of i1» stroke. This is a serious evil involving a loss 
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of power. We will explaLa tlie following figure aa a com- 
pound engine on the two princlpleB indicated. 

(o) Woolf'» or Mumphrei^a VOTtvpound £nffine. — A la tha 
small cylinder, B the larger one. 

The cranks are not at right angles, but when one piaton is 
at the top of its stroke the othN* is at the bottom, at least 
generally it is bo, but not originally as introduced by Woolf. 
A whole revolution has to be performed to complete the 
expansion of any given cylinder full of steam. The steam is 
allowed to pass &Dm the top of one cylinder to the bottom of 
the other, being first admitted from the boiler to the smaller 
cylinder. Usually the two cylinders are not distinct, but 
directly connected together. 
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(b) Gompawttd Engine with Con^uoua Expmman. — 
Let us suppose the piston of the smaller cylinder at 
the top of its stroke, and that of the larger one at 
the middle of its upward stroke. The steam &om the 
boiler is then admitted by the slide a, above the piston 
a, which, therefore, commences ita downward stroke; the 
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admission of steam is not continued beyond the middle 
of the stroke, and it may be cut off at any earlier or 
more convenient point by the link motion. Qlie piston a, 
as it passes the middle of the stroke, uncovers port p, then 
the steam, which gave a great initial velocity to a, escapes 
to the top of the larger cylinder B, the piston b of which 
has continued its upward stroke and arrived at the top. 
The steam has now to drive down both pistons by ex- 
pansion, a from the middle, b from the top of its stroke, as 
seen by a and dotted piston in B; when a gets to the bottom, 
piston 6 is in the middle of its stroke going down, as seen by 
b and dotted piston in A; now, by valve 8, steam is 
admitted below a, and the exhaust in cylinder A, although 
opened, is covered by a gridiron slide, so exhaust is prevented 
until a has made part of its upward stroke, and b nearly 
finished its down 8to>ke. Then the intermediate sUde «' clos^ 
port p in centre of cylinder A, and immediately the upper 
ends of both cylinders are open to separate exhaust passages. 
By this method of regulating the supply of steam, the pressure 
resisting the upward motion of a assists the downward 
motion of b. Again, as the larger piston is at that time 
moving faster than the other, this back pressure, if we may 
so term it, will have more influence upon b thaji a, and so 
cause a good effect upon the whole. 

The amount of work lost by the opposing pressure on 
piston A, is more than compensated for by the extra pressure 
obtained on piston B; but the extent to which the exhaust 
may be kept back, requires much consideration and care. 
The cranks are, of necessity, from the relative positions of 
the pistons, at right angles, and no intermediate chamber is 
employed, unless we consider 8 as a travelling chamber, but 
the steam is passed directly from one cylinder to the other. 
The complete expansion of any given cylinder full of steam, 
is completed in three-fourths of a revolution, and so is not 
exposed to radiation and conduction so long as in Woolf 's 
system. 

General esx^lanation : — ^A and B are the two cylinders. We 
must consider that there are two pairs of engines to drive the 
two shafts or twin screws. The action of the slides 8 and «' has 
been previously explained; d and d! are the piston rods; c and c' 
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tLe connecting rods, working e and e' the cranks; /and/' 
are large pieces of cast iron to balance the cranks, and assist 
them over the dead centres; S C are the surface condensers. 

The air pump is shown at A P, the upper part of which is 
the hot well. This air pump is worked by the lever I, from 
the crosshead r of the piston. 

The theory of the action of compound engines is simply 
this: that a great initial pressure given to a piston does more 
economical work than a lower but greater average pressure 
continued throughout the stroke, as has been fully explained 
in expansive working; and if this initial pressure be given on 
a small surface it does most work, while, if the steam have 
less power, it will do most work acting upon a larger surface. 
For convenience, economy in working, and economy in con- 
struction, the principles of making the initial steam act upon 
a small surface of piston is the correct one, the larger surface 
being acted upon by the steam when partially expanded. 

91. Balancing the Crank. — ^It has been tiie practice with 
a few engine makers to put a heavy piece of metal, sometimes 
weighing a ton or more, opposite the crank, which they call 
a balance or counterweight. The intention is, that it shall 
serve to counteract the weight of the crank when not in 
a perpendicular or vertical position. Some affirm that they 
greatly assist in keeping the motion of the machinery firm 
and smooth; other experienced men do not agree with 
them, saying that when one engine is at its dead centre, the 
other is at its greatest power, viz., at half stroke, and, there- 
fore, the motion must be uniform, and that balances are only 
so much useless metal and dead weight creating additional 
friction. If the drum of the threshing machine be not 
balanced it will move unsteadily. In vertical engines, such, 
for instance, as the table engine, it is found necessary, in 
order to produce a regular and even motion, to balance the 
weight of the piston, side rods, etc., by casting the flyTwheel 
in such a manner that one side shall be heavier than the 
other, it is then fixed so that the heavy side is rising during 
the down stroke, and falling during the up stroke, by which 
means an equal and steady motion is produced, no more power 
being required to lift the piston than to throw it down. The 
fly-wheel of such an engine can be moved by hand; which 
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could not be done were the wheel unbalanced j this will, 
perhaps, illustrate the titUity of the plan. 

92. Oscillating Engines are a triumph of engineering 

skill. They have been 
brought to their pre- 
sent perfection chiefly 
through the ingenuity 
and skill of Penn. 
Murdock, in 1785, at- 
tempted an oscillating 
engine, but the accu- 
racy of our present 
fitting shops, and the 
skilful contrivances of 
modem machinists, 
were not at his com- 
mand, so there is no 
wonder he could not 
perfect his ideas. 

In oscillating en- 
gines, instead of the 
connecting rod oscilla- 
ting to the motion of 
the crank, the (flin- 
ders oscillate and the connecting rod is dispensed with. It 
possesses many advantages; among others, it occupies but 
little space, consists of but few parts, and is easily accessible 
for repairs. 

The two cylinders A B and C D vibrate, each upon two 
trunnions, only one of which, a, is shown in the figure. 
These trunnions are placed about the middle of the outside. 
The steam enters through the outside trunnions, or those 
nearest the sides of the vessel, whilst the exhaust steam 
^escapes at the opposite sides, or into the condenser placed 
below and between the two cylinders. The air pump is 
within the condenser, and is worked by a crank on the 
"intermediate shaft." The shaft that stretches over the 
engines feom cylinder to cylinder is called the intermediate 
shaft, the slide valves are worked by eccentrics on this shaft, 
but Uie particular mode of working is explained in the next 
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paragrapb. We mtLst not omit to mention^ that the stfiam 
first passes into a belt c c^ on the cylinders; and tben, after 
going partly ronnd, enters the ports at the proper time. E 
and E are the piston rods, G H and £ H the cranks turning 
the main shaft H. 

93. How the Slides in Oscillating Engines are Worked. 

-^-In oscillating engines of small power, the oscillations of 
the cylinder are made to work the dide yalve. 





WORKINa OF THB SLIDES IN OSCILLATING ENGINES, AND DETAILS OJP 
t ' SLIDE GEAB. 

(The Utters m each figure correspond.) 

In oscillating engines it will not do to conned) the eccentric • 
rod on to the slide valve rod, on account of the motion of the 
cylinder. The difficulty here encountered is overcome by 
having a sector B B' sliding in between two upright rods 
A^A'. The eccentric rod C C is attached to the sector by 
means of a pin C, so that motion is given to the sector by 
the eccentric. Within the sectx>r slides a block O, to which 
is fastened the gab-lever aa' (right hand figure), the spindle of 
which rests on a bearing a' attached to the side of the cylinder 
H ; to this also is attached the valve lifter 8 s', which gives 
motion to D, the slide valve rod, so that the movement of the 
eccentric is thus transferred to the slide valve. The slotway 
in the sector is an arc, the centre of which is the centre of 
oscillation of the cylinder. The motion of the cylinder cannot, 
therefore, have any effect on the slide valves if the block of 



th* gabrlever pin more freely in the sector, vliicli it does. 
In tins manner, therefore, the eccentric vorks the slide 
valves as in ordinary cases. 

94. Steeple Eng^e. — Steq)le engines have been intro- 
duced largely on the Clyde, they also find mach favoor in 
America. They are direct acting engines, and are very 
serviceable and compact, and found to answer reiy well as 
river steamers. 
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They have not, in consequence of the high erection they 
require above the deck, found any favonr when fitted in sea 
going vessels, but the objection against them from this cause 
seems more theoretical than practical. They do certainly 
present a surface to the action of the wind, but this action 
may very often be in favour of propulsion, while the surface 
is but emalL They acqnite their name &om the high erection 
a b, which serves as a guide for the end of the connecting 
rod, which is above the crank. 
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Cy is the cylinder; P the two piston rods, as shown in the 
figure, move the guide block G up and do-^«^, between the 
guides ah. G C is the connecting rod converting the 
reciprocating rectilinear motion of G into a continuons circu- 
lar motion by means of the crank C R, which is thus con- 
veyed to the shaft marked dark in the figure. A P is the air 
pump, apr ait pump rod, worked by means of the air pump 
lever C D, which receives its motion from the guide block. 

95. Maudslay's Twin Engine, or Siamese Engine, or 
Double Cylinder Engine. — ^There are two cylinders, A and B, 
and two piston-rods, 
a and h. These rise 
and fall simultaneous- 
ly, carrying with them 
tiie Is^ge crosshead 
C D in the form of the 
letter T. The part 
E F descends between 
the two cylinders, the 
sides of which serve 
as a guide, so that the 
guide block E is com- 
pelled to move perpen- 
dicularly, and so pre- 
serve the parallelism 
of the piston-rod. To 
F is attached the con- 
necting rod FG, which 

moves round the crank G H, carrying the main shafb H. 

The air pump A P is worked by the lever D o, reciprocated 
by the piston rod b, and moving on its centre o. The con- 
denser is low down at K ; this has proved an objection under 
certain circumstances. This engine is only fitted for driving 
a paddle wheel. 

96. Beam and Oeared Engine. — Some engineers do not 

admire driving their engines at a high speed of the piston, 
although it is necessary to have a high speed at the screw. 
A beam engine is often put into the ship which works a 
large spur wheel, from which is driven a smaller pinion. 
A moderate speed of the crank shaft may be kept up, which 
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will give a very fast speed to the screw, on account of the 

smaller size of the screw shaft pinion compared with the 

driving wheeL 

Qy is the cylinder, 
the piston rod (P R) of 
which gives the neces- 
sary reciprocating mo- 
tion to AB, moving 
on its centre O. BO 
is the connecting rod, 
B C the crank turning 
the spur wheel S W, 
which works the pin- 
ion P, which is keyed 
on to the main shaft 
8, It will thus be 
seen that one revolu- 
tion of the spur wheel 
S W (or one stroke of 

the engine) will give several revolutions to the pinion P, or 

to the main shaft. 

97. Tnmk Engine. — ^Watt first gave the idea of a trunk 

engine, but it was not fully developed till Penn produced the 
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direct acting horizontal marine screw engine. Each engine 
is generally worked by two cylinders. The cylinder A B is 
laid on its side; and down the centre, passing through both 
ends of the cylinder, goes a large trunk a 6, on which (all in 
one piece) is cast the piston c c?, so that the effective working 
part of the piston is an annulus or ring. The trunk is fitted 
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steam tight by means of stuffing boxes. The connecting rod 
is attached to a pin at o, fixed in the middle of the trunk, 
while the other end engages and works the crank c 8, where 
B is the main shaft. 

D, the rectangular figure to the right, the condenser, is 
divided into the condenser proper, the hot well, and the 
pump barreL The large pipe EP is called the eduction 
pipe; its purpose is to bring the exhaust steam into the 
condenser, where it is condensed at the bottom, after which 
the double acting pump p delivers the water into the hot well 
HW. 

98. Doable Acting Pamp.— A double acting pump is one 
that delivers water both by the forward and backward stroke. 
Penn's trunk engine is always fitted wil^ two of these air 
pumps, one to each cylinder; each is worked by a rod which 
passes through the piston and cylinder cover, and there are, 
of necessity, two suction (foot) valves, and two forcing 
(delivery) valves, on the same principle as the India-rubber 
disc valve, explained under its proper heading. The feed and 
bilge piunps are worked in the same manner. 

Let us suppose the air piunp piston is at the end of its 
stroke to ^e right, then the space in front of it, or near the 
cylinders, will fill with water from the foot of valves 1 2; when 
the piston moves to the left it will carry with it the air pump 
piston by means of the rod r to the left, so that the water 
filling o will be forced through the delivery valves 3 and 4. 
As the piston moves to the left a vacuum is left behind it 
in ^, so that water rushes through the suction valves 5 6, 
while forcing valves 7 8 close by pressure from above. 
In a similar manner, but by opposite action, the stroke 
delivers water into the hot well H W, as the piston moves 
from left to right. 

Another kind of double acting pump is a simple arrange- 
ment by which the same piunp can be made to force water 
either in or out of the ship, or in or out of the boiler. The 
pump is worked by the usual arrangement of valves ; but there 
are two key heads placed on the valve box which turn two 
circular spaces. When turned in one direction, the suction 
acts to bring water into the ship; but when turned in an 
opposite way, water is forced out by simply changing the 
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direction from wlience the water can get beneath the 
valves. 

99. Launch Engines. — ^Lannch engines generally consist 
of a small pair of engines either working vertically behind 
the boiler^ or else diagonally or vertically in front. They 
are employed to propel very small river or harbour steamers. 
Being first used in the Royal Navy to propel the " launch," 
they are so named. They give a large number of revolutions 
per minute, and always work a screu). Bol^ engines work 
the same shaft by means of cranks. The cylinder is at the 
top, and they work a shaft down close to the keel of the 
vessel. There is no point in their construction calling for 
explanation, as they differ in no way from a marine enscine 
of the oidhiaiy t^, with cylinder, connectmg rod, and 
crank. 

100. Comparison of Engines. — ^Engines are compared with 
each other by con^dering their relative performance. A 
purchaser orders an engine of such and such horse-power. 
An engine of 100 horse-power is calculated to do the work 
of one hundred horses (but it wiU generally do a vast deal 
more). When Watt undertook to construct an engine for 
any of the mines in Cornwall, he always guaranteed it to do 
the work of so many horses. He allowed that a horse can 
do 33,000 units of work per minute, or lift in a minute 
33,000 lbs. 1 foot high, or 33 lbs. 1000 feet high, or 1000 
lbs. 33 feet high, fiiis is generally considered too much. 
We have the horse-power and the nominal Iwrserpow&r, The 
nominal horse-power is the commercial or selling power of 
an engine; or the horse-power, reckoning the pressure in the 
piston to be only s&oen pounds. For further information on 
this important point, the reader is referred to the questions 
at the end, where the formula for the calculations will be 
found. 

101. Duty of an Engine.— The duty of an engine is the 
work it does in relation to the fuel consumed, ^e average 
duty of the Cornish pumping engines is generally stated to 
be 60,000,000 lbs. raised one foot high by 112 lbs. of best 
Welsh coals. Some have reached a duty of 100,000,000 
lbs. 

. The following from the JSngmeer, Vol. XXXL, will give 
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a good idea of what is meant by the duty of the Oomiah 
engines: — 

" It will be observed in the table inserted below that from 
the period when the work performed by the engines was 
commenced to be publicly reported, in 1811, there was a 
continuous improvement up to 1843, when an average per- 
formance of 67,000,000 lbs. lifted one foot high, by the 
consumption of 1 1 2 lbs. of coal, was reached. Since 1843 there 
has been an equally continuous retrograde course; so that at 
this time the average duty of the engines has/aMen off about 
26 per cent. Or, to put it in other words, at this time full 
one quarter part more coal is consumed by the engines, on the 
average, than was necessa/ry in 184B to do the same work, an 
item of no small importance, especially in such a period of 
depression as the mining interest has been passing through. 

"Tablb of the Avebaob Duty Febfobmbd by the Cornish 
Engines per 112 lbs. of Coal, at the End of each Period 
OF Five Years, Commencing with 1811. 



Tear. 






Duty. 


1811 






.. 20*4 milR. 


1815 






.. 24-4 „ 


1820 






.. 341 „ 


1825 






.. 381 „ 


1830 






.. 61-5 „ 


1835 






.. 66 9 „ 


1840 






.. 64-8 „ 


1843 






.. 670 „ 


1845 




1 ... ' . 


.. 661 „ 


1850 






.. 61-8 „ 


1855 






.. 64-8 „ 


1860 






.. 51-6 „ 


1865 






.. 50-2 „ 


1870 




(sa] 


7) 500 „ 



" The cause of the decrease of duty which has taken place 
of late years must be attributed chiefly to the careless 
maimer in which the engines and boilers are xittended to ; 
the mines have not been in a prosperous state, and in con- 
sequence the engines have, many of them, been worked in a 
wretched condition, perhaps after having been removed from 
place to place several times ; and in many places where new 
engines are badly wanted, the old ones, which have worked 
some of them for thirty yearS; are made to answer the 
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purpose, to obviate a large outlay in putting down new ones. 
There is also a certain carelessness on the part of the mine 
managers in having their engines ^ reported,' so that many 
of the best engines are excluded from the duty records. 
The writer has found the best engines very lately doing from 
sbcty-three to sixty-five millions with four-fifths expansion 
in constant work." 



EXEBCISES CHIEFLY FROM EXAMINATION PAFEBS. 

• 

1. Describe the general arrangement of the trunk engine for 
driving a screw propeller. DescriM also that of an oscillating engine 
suitable for a paddle wheel steamer (1S69). 

2. Define the duty of a steam engine. What is the average duty 
of the pumping en^es in Cornwall? How do you explain the 
increased duty obtamed from such engines by employing steam at a 
higher pressure and by working expansively (1869) ? 

3. In a steam ennne the st^m is used at 20 lbs. pressure, and is 
cut off at half stroke, find approximately the percentage of gain in 
the work done by the consumption of a given quantity of steam by 
reason of expansive working (1870). 

We will mid approximately the total work done. Let us suppose 
the stroke is 5 feet, and divided into 10 half feet to obtain a nearer 
approximation. 

1st half foot pressure is 35 lbs. on the sq. in. 

2nd . ,1 35 . ,, 

>} 

if 
»» 
f> 
>f 
9* 
f} 

lbs. on sq. in. nearly. 

28*8 y, tt 

i.e.f steam whose pressure is 17i lbs. has been made to do all the 
work of 28*8 lbs. of steam by giving it a creat initial velocity. If 
therefore 17i lbs. does the work of 28*8 lbs., what is the gain per 
cent. ? 

As 17J : 100 : : (28*8 -17*5) or 11*3 to Answer. 

Am, 64*67 per cent. 
Other methods for this and 5 are given at the end. 

4. What is meant by i^e nominal horse-power of an engine, and 
how is it determined for paddle wheel vessels (1867)? 



3rd 






35 


4th 






35 


5th 






35 


6th 






% X 35=29i 


7th 






4x35=25 


8th 






i X 35=211 


9th 






1^ X 35=19* 


10th 






Ax35=17i 


.'. Total pressure, 


10)288 1 
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5. The initial pressure of steam in a cylinder whose stroke is 5 feet 
4 inches is 45 Ids., and expansion commences when 2 feet 3 inches 
have performed, find the pressure at the end of the stroke. .Find 
also the horse-power, if tne area of the cylinder is 2218 square 
inches, and the number of strokes per minute 30 (1867). 

The terminal pressure will be found to be 18}} lbs. ; but, by allow- 
ing the port to be opened one inch before the end of the stroke to the 
e^ust, and neglecting cushioning, the terminal pressure will be 
found to be 19*2 lbs. 

Dividing the piston into spaces 3 inches in length, as was done in 
example 3, the average pressure will be found to be 35 lbs. Taking 
the length of the stroke as 5| feet, area of cylinder 2218 inches, and 
number of strokes per minute 30, then we have 

Horse-nower = ^^ ^ '7854 (area of piston) x speed of piston x 35 
'^ 33,000 

Ana. Horse-power =752*3. 

6. Give a sketch and explanation of the oscillating engine (1867). 

7. Describe with a sketch Maudslay's double cylinder engines 
(1869). 

8. Give a sketch and explain the working of trunk engines (1866). 

9. Find the nominal horse-power of an engine of the following 
dimensions : — ^Diameter of cylmder 57i inches, stroke of piston 6| 
feet^ number of revolutions 25 (1866). 

Nomixua howe-power = ^lii5E5^j^^5*5E 

iHNX) 
_ 57'5x57'5x6ix2x25 

6000 

Ans, 151*5. 

10. Describe generally the side lever marine en^e. What is the 
object of the blow through valve, and where is it placed? Which 
parts of the ensine are made of brass, and which of cast or malleable 
iron respectively (1870)? 

11. What is the distinction between a single and a double acting 
air pump? Sketch both forms of air pump, showing the valves 
necessary in either case. Describe the India-rubber disc valve 
(1870). 

12. What is meant by a steeple en^e, and to what particular 
service are they generally devoted ? Give a description of one. 

13. Describe we general arrangement of a pair of oscillating 
engines in a paddle wheel steamer. How would you start the 
engine (1865) ? 

14. What is meant by the nominal horse-power of an engine, and 
how is it determined for paddle wheel vessels (1865) ? 

15. Find the nominal norse-power of an engine of the following 
dimensions (1865) : — ^Diameter of cylinder 53} inches, stroke of piston 
5} feet, number of revolutions 22. Ans. H.F. 115*44. 

16. Find the horse-power of an en^e whose mean steam pressure 
38 15 lbs., and vacuum pressure 2*4 lbs., the length of tiie stroke 4 
feet 6 inchesj the diameter of the cylinder 41 inches, and the number 
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of revolutions 31 per minute, the usual allowance being made for 
fricton (1866). 

The pressure is 15-2*4= 12:6 lbs., on this the usual allowance 
has to oe made for friction, which is IJ lbs., leaving an efifectivo 
pressure of only 12*6- 1*6 =• llrl lbs. 

. 2 p = cP X '7854 X pressure x speed of piston 

33000 
_. 44 X 44 X -7854 x ll'l x 4^ x 2 x 31 _iAo.ttq 

33000 -i4zo». 

17. What is the nominal horse-power of a pair of engines? Given 
diameter of cylinder 60 inches, stroke of piston 5 ^t 4 inches, 
number of revolutions 38 (1867). Ans, H. p. =486-4. 

18. Why is the crank balanced in some engines? State clearly the 
general idea as to its effect. Give your reasons for or against the 
practice. 

19. Give a sketch and explanation of the oscillating engine (1863). 

20. Find the nominal horse -power when the £ameter of, the 
cylinder is 55 J inches, stroke of piston 5 feet, and number of revolu- 
tions 21 (1863). Ans. 107-81. 

21. The diiuneter of each of the engines of a steamer is 91^ inches, 
the length of the stroke is 6 feet 8 inches, assuming the number of 
revolutions to be 16, and tiie indicator pressure 16 lbs., find the 
horse-power of both engines (1863). Ans, 1360*27. 

22. What is meant by the terms cushioning and clearance ? Does 
the amount of clearance above the piston in a side lever engine 
usually increase or diminish as the engme wears (1865) ? 

The side rods and the connecting rod are shortened by wear^there- 
fore the clearence must diminish. 

23. The air pump is commonly double acting in screw engines ; 
explain the action of such a pump. Sketch roughly in section the 
condenser air pump and valves in Fenn's trunk engine. How is each 
separate valve made and fitted (1871) ? 

24. What is meant by a hammer engine ? state clearly its dis- 
tinctive features. 

25. Give a sketch of a compound engine, commonly called high 
and low pressure engine. 

26. Describe Humphrey's engine. 

27. What is meant by continuous expansion ? To what engines is 
it particularly applied ? 

28. State distmctly what is meant by (1) a beam engine; (2) a side 
lever engine ; (3) a geared engine ; (4) a compound engine. 

29. What engines are launches and small river steiuners generally 
fitted with ? 

30. What method is adopted for comparison aa to the power of 
different engines ? 
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CHAPTER V. 
METHODS OF PROPULSION. 

Paddle Wheels — ^Immersion of Paddle — Disconnecting Paddle— 
Centre of Pressure — ^The Screw — ^Definitiens — Slip— Propellers — 
Thmst^-Hydraulic Propulsion. 

There are various metliods of propulsion, but up to the 
present time only two have done good work-~ 

1) Paddle Wheels. 
J2) The Screw. 

In addition to these two, the " Waterwitch" is driven 
bj a kind of turbine or hydraulic propulsion, which shall be 
explained. 

Vessels in every case are propelled through the water by 
leverage. The oidy fulcrum obtainable is the water itself, 
which cannot ofifer any resistance to the slightest pressure 
applied to it without pelding to a certain extent. The 
amount of pelding will vary with the pressure and the 
quantity of water acted upon. Without this yielding 
property of the water, no vessel could progress through it at 
all The problem to be solved in marine propulsion, is 
to arrange the floats, screw, etc., that with the least amount 
d^ slip we may attain the highest speed of progression. 

102. Paddle Wheels consist of two large wheels moving on 
the end of the engine shaft. They are made with iron arms 
attached to two large rings, on to which are bolted the 
paddles or floats. As they are turned round, the resistance 
oflered to them by the water causes the vessel to move, acting 
precisely on the same principle as a boat oar, by them the 
inertia of the water is made a means of locomotion. In 
using this appliance as a motive power, its advantage greatly 
depends upon the amount of immersion. When the water 

G 
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approaclies the centre, or reaches above, it is obvioiis that the 
greatest waste of power will ensue. It is quite as obvious 
that the greater the diameter of the wheel the greater the 
leverage, and the greater is the effect obtained. The floats 
are generally made of elm or pine. There are various kinds 
of paddle-wheels, such as (1) the ordinary radial wheel; (2) 
the Cycloidal; (3^ Morgan's feathering paddle. 

103. (1) The Ordinary Radial Wheel has the floats fixed 
on the radial arms. It is to be observed that in this arrange- 
ment the floats enter the water with the whole of 
their feix^es presented to it; the same action takes place as 
they come out. From this arises a great loss of power, for 
they should evidently offer the greatest resistance to the 
water when at their lowest point, and none when entering 
or leaving. 'From this cause, and the yielding of the water, 
the ship does not move as fast as the wheel. The loss is 
called slip, tod is generally allowed to be 20 per cent. 

Slip is the difference between the speed of the wheel and 
the speed of the ship. The percentage is calculated on the 
speed of the wheel. 

104. (2) Cycloidal Wheels.— To obviate the difficulties and 
disadvantages of the ordinary wheel other forms have been 
suggested, as the Cycloidal, which merely consists of dividing 
the float into two strips longitudinally. The one farthest 
from the centre is behind the radius, and the other in front 
of it. The intention of this arrangement is, that the floats 
may meet the water with more uniformity. It is a very 
good form of wheel for large vessels. 

In order that the floats may enter and leave the water 
with the least possible resistance, they should enter in a 
tangential direction to the curve which is being described by 
any point in the wheel. This is, as is weU known, the 
cycloidal curve. 

105. (3) Morgan's Feathering Paddle.— A wheel of this 
kind was first patented by Galloway in 1829. 

The figure at a glance gives us a good idea of the prin- 
ciple of the feathering paddle. The floats are seen supported 
on spurs attached to the rim of the wheel. The long levers 
a a a, etc., move the short ones a' a a', etc., on their centres 
bhb, etc., fixed in the spurs. The levers aaa, etc., proceed to a 
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) 0, while o is the cerUre of the whed. Thus the 
' the floats ib coincident with that of the wheel. 




On the ship's side is bolted a kind of eccentric on 
which the ring seen in the figure works. By this plan 
the floats are always moyed on their centres, so as to 
enter and leave the water very nearly perpendicularly, and 
also ofler the greatest resistance at the lowest point. The 
floats are, in fact, constantly at right angles to the surface of 
the water when immersed. 

106. laimeiflion of Paddles.— The great difficulty with 
paddle wheels is to secure a proper immersion. As the ship 
proceeds on ita voyage and consumes its store of coals, the 
vessel becomes lighter, and, consequently, its drau^t of 
water decreases, ^erefore, supposing a paddle is properly Im- 
mersed at the commencement of a voyage, it will be nearly 
out of the water at the end. At the commencement of a 
voyage the paddles «MMt be too deeply immersed, at the middle 
the proper immersion will perhaps be attained, while there 
will be too little towards the end of the voyage. It is usual 
to allow &om twelve to twenty-two indies of ^ater over the top 
of the floats, according to ttie size of the ship; but in river 
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Bfceamers the usual plan is to allow only about one incH over 
the floats, or that they should be just awash. A system of 
reefing the paddles exists, i,e,, at the commencement of the 
voyage the floats are reefed, or unbolted, and fixed nearer the 
centre, and as the coal is consumed they are shifted outwards 
to the end of the radii. 

107. DiBConnecting the Paddle. — ^When the wind is fair 
for sailing, and the ship is placed under canvas, it is usual to 
disconnect the paddle wheels from the engines, and allow 
them to revolve in their bearings by the resistance of the 
water. Several plans have been proposed to permit this 
action, as Maudday's plan of sliding the paddle shaft with 
the nearest crank out of the crank pin by means of a worm 
wheel. 

Braithwaite's, which consists of a cast iron disc keyed on 
to the paddle shaft; surrounding the cast iron disc is a 
strong wrought iron hoop, which will slide round the disc. 
A projection, into which is bored an eye for the crank pin to 
pass through, is forged on to the hoop; on the opposite side of 
the hoop it is enlarged to cover a brass cushion; this cushion 
is driven by a key tightly against the cast iron disc, when 
the friction is so increased as to cause the disc to carry 
round the hoop, and with it the crank, and 80 motion k 
communicated to the wheels. Of course, if the key be 
driven out, then the hoop and disc revolve independently, 
and the wheel is free to move by the resistance of the 
water. 

108. The Centre of Pressure. — In Morgan's feathering 
paddle, as each paddle is always perpendicular to the water, 
they progress with the same horizontel velocity, therefore we 
may safely say that the point of maximimi resistance, or 
centre of pressure, is in a line passing longitudinally along 
the centre of the float. But in the radial wheel this cannot 
be the case, for the outside edge of the float moves much 
faster than the inside ; the point where these two average 
each other is taken at a distance of one-third the depth of 
the board from the outer edge. 

109. The Boiling Circle is that circle described by the 
point in the wheel whose velocity is equal to the velocity of 
the ship. It is evident that the centre of pressure moves 
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faster than tlie rolling circle ; the resistance which this differ- 
ence of velocity gives, is that which propels the ship. 

"To the fuU power of the steam engine, and a certain 
draught of the vessel corresponds a certain rolling circle, 
which indicates the maxinnim performance of the vessel. 
Under no circumstances whatever can this maximum 
efficiency be obtained if the centre of the float of a paddle 
wheel is placed on the rolling circle. Wherever beyond the 
rolling circle the floats of a paddle wheel may be placed, and 
however great the slip of the float, so long as the rolling 
circle is kept at this maximum, slip, under such circumstances 
(as, for instance, in a small float placed at a distance from 
the rolling circle), is no loss of power, and does not lessen 
the efficiency of the engine."* 

Paddle-wheel steamers are best adapted for propulsion on 
shallow rivers and lakes, where the draught of water is 
limited. 

110. The Screw. — ^It need scarcely be said that the paddle 
wheel was the flrst mode of propulsion used, and that paddles 
possess certain advantages, imder peculiar circimistances, by 
which they still retain a strong hold upon marine engineers. 
The comparative value of each will be considered presently. 

HI. The Screw or Propeller, or Screw-Propeller.— The 

form is that of the screw of Archimedes, or it is a spiral 
similar to the geometrical staircase. It acts at right angles 
to the paddle wheel, and is flxed in the dead wood at the 
stem of the vessel, a large rectangular hollow being con- 
structed on purpose for its reception. 

The propeller is of the same construction as the common 
screw, but the narrow thread of the latter is expanded into 
the large thin plate in the former, while the central cylinder 
of the screw becomes small, and only a very small part 
of a convolution is taken, as it has been found that one-sixth 
part of a convolution is much more effective, and will do 
more work than the whole. Propellers are generally made 
with two blades, but they have been used with three, four, 
and six blades. The former are found to answer best, being 
fixed on a spindle passing through a boss. 

112. Pitch, Thread, Angle, Length, Blade, Diameter, 

* Mtgineering, 
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Slip. — ^We may suppose a screw to be fbrmed thus: — 
Take a piece of paper in the form of a right-angled triangle, 
A^ as A B C, and wrap it round a 

cylinder, such as a large lead 
pencil or ruler. Let us suppose 
that when it is wrapped round, 
the point C touches B, or the side 
B C exactly fits round once. 
Then A B is the pitch, B C is the 
c eircvrnfereviee, A C ihe thread, 
and A C B the angle. The thread on our supposed screw is 
only a line; let us imagine this, as was said above, to become 
a wide fiat plate wound round, and that the cylinder becomes 
small, and that of the whole thread only two bits are taken 
opposite each other, we shall then have as good an idea of a 
screw as can be given. 

The Pitch is the distance that a complete convolution 
takes upon the cylinder; or the pitch, as in the common 
screw, is the distance between two threads; or, thirdly, the 
pitch is the distance that the screw would go if turned once 
completely round in some unyielding substance. 

The Thread is the distance along the edge of the blade. 
. The Angle is the inclination of the thread of the screw 
to the horizon. 

The Length is the fraction of the pitch actually used. 

Blade. — Each propeller consists of two or more parts, 
which are called blades. The area is the surface of the 
blade. 

Diameter is the diameter of the cylinder from which the 
screw is taken, or it is the perpendicular distance between 
the extreme outside points of the blade. 

Positive Slip' is the difference between the speed of the 
ship and the speed of the screw. (See slip of paddle wheels, 
page 98.) Slip varies from 10 to 30 per cent. 

Negative Slip* — It is a cruious fact that vessels have been 
propelled Easier by the screw, than the screw would have gone 
had it been working in an unyielding substance. The differ- 
ence between the velocity of the ship and the screw under 
this circumstanoe is called TiegaUve slip. It has been sug^^ 
gested that the lines of the ship were such, that a large body 
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of water followed tlie vessel and re-acted upon it, assisting 
the screw to send the ship forward. If we consider the con- 
dition of the water around the screw and behind it, we shall 
see a better reason for this singular fact. The water is 
thrown outwards and backwards by the propeller in the 
form of a hoUow cone. Obeying, the usual laws of nature, the 
water follows to fill up this hollow, and it thus comes again 
to the screw in two directions. First, that which follows in 
the wake of the vessel ; and second, that which attempts, as 
it were, to fill up the vacuum near the centre, caused by the 
centrifugal action of the propeller. Both these bodies of 
water will impinge upon the screw, and cause an additional 
thrast. Erom this we can conceive that negative slip may 
exist when these two forces reach a ma,ximum, and act under 
peculiar circumstances. 

There are many varieties of screws, such as Griffiths', 
who bends the ends of his blades forward a little, and 
makes them broad at the boss. He discovered, in com- 
mencing a series of experiments, that when he placed a 
hollow globe, one-third the diameter of the screw, as the 
boss, that thereby a positive gain was effected. The blades 
of his propeller do not spring from the shaft, but from this 
hollow sphere. The reason for such an apparently anomalous 
arrangement will be found in what follows. To move the 
central portion of the screw and blades, absorbs through their 
inertia and resistance nearly twenty per cent, of the power 
of Ihe engines, while these parts do little towards the propul- 
sion of the vessel* For they are nearly in a line with the 
shaft, or at right angles to the water, and so cannot effect 
such a displacement of water as shall react on the ship. 
Griffiths constructs his blades to incline forward, the curve 
beginning from the centre of the length of the blade, and 
reaching to its point towards the ship. 

Different engineers have given their blades the most varied 
shapes. The object has been to get rid of the vibration which 
communicates itself to the hull of the ship, and is the cause 
of that disagreeable tremulous motion Qxperienced in screw 
vessels. This vibration must result from the screw striking 
the water at intervals, and not acting as it should with a 
continuous pressure. The unequal pressure is frequently 
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caused by the blade being too wide across tbe top. Were 
the speed of the ship the same as that of the screw, this 
" shivering" would not occur. Engineers rotmd off and spoil 
their screws to make them cut the water instead of striking 
it, when they should make the pitch finer in relation to the 
diameter, and the blades narrower, but retaining their natural 
form. The greatest resistance of the water is "awoss the 
propelling side of the front surface just across the middle, 
and the forward side of the leading edge of the back 
surface." 

118. Feathering Screws. — ^Several methods have been pro- 
posed to feather the screw, such as Maudslay's and Bevis* 
methods. To feather the propeller is to resort to such an 
arrangement that the two blades can be turned into a line 
with the keel of the ship, or in a fore and aft direction when 
she is under canvas. Bevis* method feathers the screw by 
means of two levers working in a boss on the screw shafD ; 
the levers are moved by a sliding rod passing through the 
hollow stem shaft. The sliding rod is worked by a nut on 
the shaft, while the whole apparatus is easily accessible in 
the shaft tunnel. 

114. Twin Screws. — ^When two screws are employed, one 
on each side of the rudder, instead of one screw in the dead 
wood in front of the rudder, such are called twin screws. One 
screw is right handed, the other left handed. It is claimed 
for this arrangement that the ship can be very quickly turned 
within a small space. 

115. Woodcroft's Screw is a screw of increasing pitch, Le., 
supposing two threads to be wound round a cylinder, and 
the distance between the threads to continually increase, we 
shall have a screw of increasing pitch. Under Griffiths* pro- 
peller, it was said that the centre does little or nothing 
towards propelling the ship, so therefore nearly all the work 
must be done by the extremities of the blade. For this 
reason, Woodcroft sought to increase the pitch of his blades 
at the ends, and thus gain power. 

116. Ericsson's Propeller. — Ericsson fixed a nnmber of 
blades on a drum, so that his propeller had a hollow centre, 
and the ends only of several blades were used to drive the 
ship. 
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117. Hodgson's Parabolic Propeller differs from the others, 

in that the two blades are hollow on their face^ forming por- 
tions of two similar parabolas. The other propellers send 
away the water parallel to the axis of the screw, in the shape 
of a cone, but the parabolic curves throw it to a focus in a line 
with the axis. Hence, theoretically, as the action of a screw 
depends upon the comparative immobility of the water, it is 
evident the screw will have the greatest power when its 
action is centralized towards one point. 

118. Seattle's Screw Propeller. — Beattie's propeller is 
placed beyond the rudder, instead of in the dead wood before 
the rudder. The object of this arrangement, and it succeeded, 

was to reduce the vibratory motion of the stem which is 
experienced to the chagrin of all amateurs on board sea going 
steam-boats. 

119. The Advantages of Screw Propellers over Paddles. 

— ^Under favourable circumstances there is but little differ- 
ence between screws and paddles. In running before the 
wind the paddle has the advantage; but when the wind is 
ahead it is not so, for the wind acts on the paddle-boxes, 
which offer great resistance, and so retard the ship. Fastened 
stem to stem, as tried with the Eattler screw and Alecto 
paddle, and Niger screw and Basilisk paddle, the screw 
dragged the paddle. The superiority of the screw is shown 
in long voyages; for whereas the lightening of the ship may 
prove detrimental to the paddle, it cannot be so to the 
screw, the screw being more deeply immersed. As a vessel 
rolls from side to side the immersion varies, and the paddle 
loses its power. In men-of-war the screw gives a clear 
broadside, while the paddle occupies the room of several guns. 
In passenger vessels the paddles are more pleasant than the 
vibrating motion of the screw, while the former will roll 
more than the latter. The paddle-boxes act as outriggers, 
and raise the centre of gravity so as to make the vessel 
move more evenly in the water. In lakes and rivers the 
screw reqtdres deeper water, while the weeds and plants 
will be much more likely to clog the screw than the piaddle. 
In screw vessels the engines may be below the water line, or 
at the very least much more out of the reach of shot than 
those of paddle wheel steamers. With the screw the upper 
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deck is clear; so gtms, etc., can be moved from end to end, 
and there is a much better chance of arranging the masts, 
sails, etc., so as to make the screw a more efficient sailing 
vessel than the paddle wheel. 

120. Disconnecting and Raising the Screw. — ^We have 

stated that Maudslay makes provision for feathering his 
paddle, or for arranging it so that when the ship is under 
sail, it shall offer no resistance to the water. It has been 
found before now, that when a ship has been under sail and 
steam at the same time, that the velocity of the ship has 
outstripped the velocity- of the screw ; hence the screw has 
dragged or become an obstacle to the progression of the 
vessel. Cases have been known in which the screw has 
actually been broken off backwards or away from the ship 
by this dragging force. The screw also requires to be some- 
times taken out for examination and repair, therefore a 
necessity exists for providing meaas both for disconnecting the 
screw from the engines, and for raising it out of its place. 
Merchant vessels are generally brought alongside a quay at 
high water, and at low water the screw is examined or taken 
out: the process often involving considerable expense from 
loss of time, etc. But in men-of-war more complete arrange- , 
ments exist. The screw is fixed in the centre of a frame, 
supported on a short shaft. The main screw shaft can be 
withdrawn, and thus the screw is discormected from the 
shaft, and is at liberty to revolve; by an arrangement of 
slots, it and its frame are also perfectly free to be lifted out 
vertically. This is effected by means .of ropes and other 
appropriate tackle, or by a rack and worm. 

Admiral Hall has proposed a simpler and less expensive 
plan for shipping or unshipping the propeller in any harbour 
without entering a dry dock.* 

The screw is fixed in a frame A B, and the screw shaft 
can be withdrawn. A is the crosshead of the frame through 
which pass two rods, a and b, which are screwed into the 
tops of the bearings a.t dd' ; c is a strong chain to hold the 
screw. First of all, the propeller is raised as high as possible 
from the place shown by the dotted lines to the position as 
seen in the figure by means of the screws. Then tackling is 
* A full description will be found in Engineering^ Vol. VIII., p. 34 
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fixed to each end of the blade, and c is also fastened on. 
Next the rods a and b are unacrevred and taken out, when c 
sustains tlie propeller. The tackling fixed to the ends of the 
bladea is supported by guys, so as to mn clear of the sides 
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<^ ihe vesseL Next c is let go, and as the i^ht chain-tackle 
is slackened, the left is vound up, bringing the propeller 
out sideways and canying it on to the deck. To ship the 
B«a©w, these proceedings are reversed. 

The same figure will also give us an idea -where and how the 
screw is fixed in the dead wood, and its position as r^^arda 
the rudder E, 

121. inirost of the Screw. — ^When we consider that the 
screw acts by the resistance offered to the surface of the 
blades by the inertia of the water, which is driven stem- 
wards by the screw, we perceive at once that the whole force 
moving the ve^el is transmitted to the end of the screw- 
shaft. Methods must therefore be provided to prevent the 
force or motion from being converted into heat by the 
3 amount of friction necessarily transmitted. The 
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more heat we allow the end of the screw shafb to generate^ 
the more power we lose. The dynamical and niodem theory 
of heat is, that heat is motion, and therefore the more 
heat we allow to waste or develop at the end of the shafb 
the more motion we lose. 

The thrust of the shaft, or the reaction of that force which 
pushes the ship through the water, is received on a series of 

metal discs completely im- 
^ — --.____. mersed in oil. Several discs 
/ \ are employed to distribute 

(i' ^^^ the friction, and should two 

J or more set fast, by two pure 
B metallic surfaces coming in 
contact, others may be still 
free to move. By far the 
best arrangement for receiv- 
ing the tlmist consists of a 
long plummer block having 
in it a series of circular 
depressions, with a square 
section, into which fit a series 
of collars turned on the end 
of the shaft. 

A B is the end of the 
shaft; 1, 2, 3, 4, 5, etc., are 
the collars turned on it. 
These fit into the plummer block O. This figure is a 
representation of the bottom half only of the plummer 
block. The cap which is removed is similar in section, and 
contains the corresponding semicircular spaces to fit the 
collars. The plummer block is often hollow, water circulating 
within. 

122. Thrust of Screw Continued. — J£ two pieces of lead 

have their pure metallic surfaces laid bare, and are then put 
together with a slight pressure and twist, they unite and 
become almost as one piece; so will dissimilar metals, as 
iron and lead, or steely brass and lead, or even two pieces of 
steel, or two pieces of glass truly flat and clean. When 
lead bullets (as they are made at Woolwich, entirely by com- 
pression^ by driving the dies into the solid lead) are being 
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manufactured, the lead will unite to the steel die, unless oil or 
grease be employed to interpose between the two metals: the 
pure metallic surfaces unite under pressure by the power of 
cohesion. Before the thrust of the propeller was received 
on a thrust block, as indicated above, it was received on a 
fi^ed piece of steel, against which the shaft directly worked. 
After wear, when the oil had been worn off, and the two 
surfaces had scraped each other so as to present mutually 
to each other pure metallic surfaces, the two perfectly imited, 
and united so firmly that the shaft twisted and broke, not 
directly where the thrust was received, but elsewhere. 

128. Hydraulic or Jet Propulsion. — ^A few years ago 
attempts were made by Mr. BulSiven and others to introduce 
water-jet propulsion, the main feature of which was, that a 
jet of water driven out of the side of the vessel in one 
direction propelled it in the other. In H.M. sloop " Water- 
witch" three horizontal cylinders are arranged so that their 
connecting rods are coupled to a crank, which works the 
shaft of a turbined wheel placed in a case on the floor of the 
engine-room. The water is led to the centre of the turbine 
through openings formed in the bottom of the ship, and is 
driven by the centrifugal force imparted to it by the wheel 
through pipes, whose nozzles are placed outside the vessel, on 
its side just above the water line; or it may be explained 
more exactly thus : from the circmnference of the turbined 
wheel, the water escapes into the surrounding casing, and is 
led thence by two tangential pipes to the sides of the vessel. 
There are four nozzles or jets at the ends of the pipes ; one 
pair pointing forward to drive the ship stemways, the other 
pointing aft to drive it forward. The water is discharged 
parallel to the keel of the vessel. Four valves, that can be 
worked from the deck very much like common cocks, allow- 
ing a free passage of water, are fixed in the pipes. By these 
the vessel can be started, stopped, backed, or moved round, 
according to which valves are opened or closed, without 
reversing the engine. By directing a jet of water forward on 
one side and afb on the other, the vessel is turned round. 

The water jet propeller has found no favour with engineers, 
because it is palpably evident that there is a great loss of 
power. Out of 750 h.p, of the " W^terwitch," only about 
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one-quarter seems to be utilized in propulsion, so that whilst 
offering advantages in manoeuvring over existing methods, it 
is not economical. This arises from the inevitable losses 
from friction, in pumping efficiency, and the small sectional 
area of the jet. 

124. Theory of Jet Propulsion. — ^The theory of jet pro- 
pulsion is precisely that of " Barker's mill;" the same prin- 
ciple is used to propel the Congreve and other rockets. The 
fluid in a vessel presses horizontally and equally, and as long 
as it is equal there is no tendency to communicate moi^on 
to the vessel. But if an aperture be opened, the pressure 
upon that portion of the surfieu^e is removed, and the 
pressure upon the opposite portion of the surface is unsus- 
tained, and will tend to produce motion in that direction. 
Therefore, when water is issuing from the nozzles of the jet- 
propeller, the opposite portions are unsustained, and the diip 
moves. 



EXEBGISES CHIEFLY FROM EXAMINATION PAPERS. 

1. Show how a helical surface is generated. What is meant by a 
screw of iacreasmg pitch? How is the pitch of a screw measured 
(1866)? 

2. The pitch of one of the blades of a screw propeller is 20 feet 
8 inches, and the number of revolutions is 42 ; if there were no slip, 
what would be the speed of the ship in knots? Again, the pitch 
of the other blade being 21 feet 7 inches, if the spe&l of the screw 
be that already found, what would be the slip per cent., reckoning 
from the latter blade (1865) ? 

Speed in knots __ Speed per minute x 60 _ 20§ x 42 x 60 
from first blade ~ Length of a knot 6080 

= 8fJ knots = 8-565. 

Speed in knots from second blade ^.^l^x^x^ == 8*945 
^ ' 6080 

.-. SUp = -3807. 
. *. Slip per cent, is found thus, 
As 8-945 ; 100 : : '3807 : 4256, Ana. 

3. Describe some form of engine adapted for driving a screw 
propeller. Define the terms pitch and length as applied to the 
screw propeller (1870). 

4. Describe some form of screw propeller. Define the temm 
pitch, length, and angle of the screw. What is the sUp of t}i9 
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Bcrew propeller? The speed of a vessel is 12 knots, the pitch of the 
screw is 20 feet, the engines make 70 revolutions per minute, find 
the amount of slip in percentage of the speed (1870). 

Ana. 15 per cent. 

5. Define a screw surface, and the length and breadth oi a screw 
propeller. Describe the general arrangement of the boilers, engines, 
screw, shafting, and propeller in a vessel. How are the engines 
relieved from the thrust which propels the ship (1871). 

6. How is a screw surface generated ?. Define the pitch and length 
of a screw propeller, and apply your knowledge of the geometrical 
properties of a screw surface to deduce an approximate method of 
estmiating the area of the driving surface of a screw propeller by 
mneasurement (1871). 

See examples at the end. 

7. Find the area of the blade of a screw propeller either by cal- 
culation or approximately by measurement. In the latter case you 
must explain fuUy the steps of the operation (1871, Honours). 

See examples at end. 

8. The length of a screw propeller is 3 feet, the pitch 20 feet, and 
the diuneter 16 feet, required the area of each blade (1867). 

Ans. 42-48 sq. ft. 

9. The pitch of a screw is 15 feet, the diameter 17 feet 6 inches, 
the number of revolutions is 85 per minute, find the rate of the 
screw in knots and the distance traversed by a point in the circum- 
ference of ^e screw (1867). 

Ans. Eate, 12*58 knots; distance, 58 '69 knots. 

10. Find the slip of the screw of a steamer, number of revolu- 
tions 60, multiple of gearing 4 to 1, pitch of screw 8 feet, speed of 
ship 12 knots (1861). Ans. 5 per cent, nearly. 

11. The number of revolutions of a crank is 73, fund the pitch of 
the screw if 25 per cent, be allowed as sHp, and the speed of the ship 
is 14 knots (1866). Ans. 25*91 feet. 

12. Describe a screw propeller, and explain the terms pitch, length, 
angle, and diameter (1866). 

13. A screw ship's engine mskkes 65 revolutions per minute, the 
pitch of the screw is 24 feet, and the rate of the ship is 14*5 knots. 
Find the slip in knots, and the amount per cent. 

Ans. Slip '894 knots; 5*8(^9 per cent. 

14 Find approximately the area of the blade of a screw propeller, 
the diameter being 15 feet, the pitch 24 feet, and the length ^th of 
the pitch (1866). Ans. 46*84 sq. ft. 

la What advantages do screw propellers possess over paddle 
wheels? 

16. Describe the common screw propell^. Define the terms pitch, 
length, and angle, of the screw and slip. A ship is required to steam 
at^ Sie rat^ of 12 knots and the engine crank is to make 76 revolutions, 
what must be the pitch of the screw if 20 per cent, be allowed for 
slip (1868)? Ans. 20 feet. 

17. Fbqplain a method of feathering the floats of a paddle whee} 
steamer (1869). 
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18. DistingmBli between (1) the ordinajy radial paddle wheeli | 
(2) cycloidal wheels ; (3) Morgan's feathering paddle. 

19. What is the proper " immersion for pskddles ?" and state how 
ihey are disconnected. 

2&. What is meant by "negative slip?" Can you give any ex- 
planation of it ? 

21. Describe four different kinds of screws used in steam vessels ; 
stating clearly their distinctive features. 

22. What is'meant by hydraulic propulsion ? Give the theory to 
explain its action. 

23. What do you mean by double screws, and what advantage is 
claimed for them? 

Two screws are placed one behind the other on the same screw 
shaft: it is asserted that by this arrangement a better grip or 
leverage is obtained upon the water. 



Slides— LoQf; D Slide— Sliort D— Seaward't— Cyliudrioal— Oridiroa 
— Motion of 81ide — Lap — Lead — Yalvea of Special Pomp — Bo- 
UXorj Valve. 

126. Slides. — ^The locomotwe sUde lias been already pai> 
tiaUy described, vinea Bpeaking of the beam engine and the 
■w&y the steam is admitted to the cylinder. The varions 
slides used are the long D, short D, Sea'nurd's, Cylindrioal, 
Gridiron, etc. 

12S. The Locomotive Slide is represented in the annexed 
figure, in which the dark shaded parts are 
the slide, and the ports are marked port ; 
e leads to the condenser. The whole of the 
drawing is covered over by the slide casing, 
and steam is brought to the back of the 
slide at A by the steam pipe, not shown. 
When the steam is acting, it is clearly seea 
that it presses with great force against the 
back of the slide at A. The valve rod is 
shown attached to the back of the slide. 
When in the position as given is the figure, 
it is quite endent no steam can pass into 
the porta and go to the cylinder, as they 
are both covered over; but when the slide 
rod moves the valve up, the Bteam can pass 
into the lower port, and drive the piston x 
up, while the steam that is in the upper 
[»rt of the cylinder can come out at the upper port, when 
the form of the slide compels it to pass into b b' and through 
c, which leads to the exhaust, hence c is called the exhaust 
port. Whea the elide comes down again, both ports are first 




114 



8TEAM. 




B 



closed, then the upper one is open to steam and the lower 
one to the exhaust, precisely tie reverse of the first case. 
As there are three ports, two steam ports and the exhaust 
port, this valve is sometimes called the " three-ported slide." 

127. The Long D Slide is so called because its cross sec- 
tion forms the letter D. The two faces, 
a and c, fit against the ports. The body, 
or waist, A B, is smaller than the parts 
a b and c d. The steam comes along the 
steam-pipe, and can pass freely round the 
waist of the valve, and pressing against 
both back and front it is almost an equi- 
librium valve. The steam cannot pass 
by b, d nor a, c, because the two former 
parts fit closely to the slide casing, and 
the two latter press against the ports; only 
when the valve A is lifted or depressed 
can the steam enter the cylinder from 
round the valve. When the steam 
comes out of the upper port it passes 
right down the slide at 6 to the exhaust. 
This is the peculiarity of the slide, that 
the exhaust passage from the upper port 
is through the valve. 

128. Short D Slide may be described as consisting of the 
upper and lower portions a and c of the long D, but the 
passage is closed, and they are joined together by a rod. The 
steam is still brought to the waist, but cannot pass either 
aard unless the slide be Uffced up. Its action is somewhat 
similar to that of the long D, excepting that the way to the 
exhaust is not through the slide. There are separate exhaust 
passages from the top and bottom ports. 

129. Seaward'8 Slides were first used by the inventor, 
after whom they are named. There are four slides, two for 
the exhaust and two for steam. A is the steam side of the 
cylinder, and B the exhaust side. When they are in the 
position in the figure, the piston is ascending. Steam enters 
at C j the upper port a being closed it cannot enter the top of 
the cylinder, but it can enter at the lower port b, and drive 
{he piston up. As the piston ascends, o ia closed and d 
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open, BO that t]ie steam -wMch drove the piston down ia 

escaping tlirougli d. When the piston is descending, a sjid c 

s,re open, and b and d closed. 

D is the way to the exhaust, 

and B is called the exhaust side 

of the cylinder; a and 6 axe 

called the induction ports, c and 

d the eduction. The slides are ' 

kept against the face of the ports 

tiy springs, so that any water 

^lat enters the cylinder throu^ 

priming can easily escape. 

130. Cylindrical Slide. — 
These slides have been intro- 
duced and fitted to engines by 
Maudslay .fe Field. They are 
cylindrical in shape. The slide 
iaces are hollowed out con- 
cave, and fit on ccmvex nozzles. They are placed between 
the two cylinders, being used in double cylindered engines, 
and when r^sed the steam is admitted to the top of the 
cylinders, and the down stroke follows ; and when depressed, 
steam enters beneath the piston, and the up stroke is effected. 

131. The Gridiron Valve. — The 
gridiron valve is one of the most 
effective contrivances to ^ve a large 
opening for steam by a very short 
movement. Each port is sub-divided 
into two or more narrow ports, while 
the valve &ce haa openings to corre- 
spond. The principle is the same as 
tliat of an air grating in the floor, we 
have only to give the top plate a slight 
motion when it is open or shut; the 
same with this valve, except that the 
motion is rectilinear and not circular. 
If A B re|n«sent the ports of the 
cylinder, and the dotted lines the 
slide &ce, it is seen that by simply 
lowering the slide (face) the smallest amount, that tlia 
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upper ports^ A, are immediately open^ and tlie lower, B, 
closed; the exhaust is not shown. When the slide is 
pushed back, the lower ports will be opened and the upper 
closed. 

Full Steam is the position of the valve when fully open, 
and the piston is continuing its motion. 

Cut-off is the position of the valve when it has just 
closed the port against the admission of steam. 

Angular Advance is the angular measurement of the 
arc described by the centre of ti^e eccentric while passing 
from the place it occupies when the valve is at half stroke, 
to that which it occupies at the commencement of the stroke 
of the piston. 

Linear Advance is the distance which the valve 
moves while the centre of the eccentric is describing the 
above angle. 

132. The Motion of the Slide Valve.— The motion of the 
slide valve when driven directly by an eccentric, or in the 
ordinary gab motions, is simply rectilineal and reciprocating, 
and is precisely on a smaller scale what the motion of the 
piston is on a larger. This is manifest in considering that 
the eccentric is but a crank of a very small radius, which has, 
like the greater crank, its own circle of revolution, its own 
throw, and its own dead points, which terminate the recipro- 
cations of the valve in the one case, and those of the piston 
in the other. The motion of the slide valve must therefore 
be considered in its relation to that of the piston. The rela- 
tion of those motions is founded upon the uniform circular 
motions of the crank and eccentric. These being rigidly 
fixed on one shaft or axle have the same angular velocity. 
Their relations, and those of the piston and valve derived 
from them, may be established by following them through a 
complete revolution. The rectilineal motion of the eJide 
valve, like that of the piston, is accelerated and retarded 
during the travel 

All that is imp»atively required, of a slide valve in govern- 
ing the distribution of the steam, is that it be at least of suffi- 
cient extent to close both of the steam ports at the time of 
changing the admission of the steam, in order that the steam 
may not enter at both ends of the cylinder at one time. 
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and that the valve release the steam from one end of the 
cylinder at least as soon as it is admitted to the other end. 

The valve, as shown in the next figure, meets these con- 
ditions. In this position its inner and outer edges coincide 
with those of the steam ports. The smallest motion either 
way opens one of the ports to the steam, and the other to the 
exhaust port c. The valve is now at half stroke, whilst the 
piston is at the end of its stroke; and to move the piston in 
the direction of the arrow, for example, the valve must move 
in the same direction, and the eccentric must be set on the 
shaft at right angles to the crank. From this description it 
will be seen that one end of the cylinder is open to the boiler 
throughout the whole of the stroke, while the other end is 
open to the exhaust — a most disadvantageous result, as far 
as the economical working of steam is concerned. 

But these evils may be removed, to some extent, by causing 
the change of the distribution of steam to take place before 
the completion of each stroke ; and this is effected by shifting 
forward the eccentric on the shaft, the motion of the valve 
being advanced in a like proportion. The arrival of the piston 
at the end of its stroke is anticipated by the change of dis- 
tribution, and the steam has thereby gained time to re-arrange 
itself for the next stroke. The advantage of this is obvious, 
when we remember that by this arrangement the Tna.yinium 
time is afforded for these operations with the least motion of 
the piston and a minimum retarding effect. While by these 
arrangements a more efficient admission and exhaust are pro- 
vided, nothing can be done with this valve to employ the 
expansive force of the steam in propelling the piston, which 
requires the confinement of the steam within the cylinder 
during the latter portion of the stroke; when using such a 
valve we find that the suppression and release of the steam 
take place at one and the same time. 

Expansion is, however, attained by simply adding to the 
length of the valve, as shown in the figure, by the dotted lines 
^ a a. Its two outer edges are, by the addition, set so much 
the further apart than the extreme edges of the steam ports, 
and by as much does the suppression, and, consequently, the 
commencement of expansion anticipate the exhaust during 
the travel of the slide valve, and while the valve describes 
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this portion of its stroke, the piston is moving under the 
pressure developed by the expansion of the steam already in 
the cylinder. 

133 IiSp and Lead of the tocomotiTe Slide. — The 
'width of the opening of the steam ports for the admis- 
sion or for the release of the steam at the h^inning <A the 
stroke is known as lead. On the steam side of a locomotiTO 
elide, it is known as outside lead, or lead for the Bdndssiou ; 
on the exhaust side it is inside lead, or lead for the exhaust, 
"When the valve is placed at half stroke over the porta, the 
amount by which it overlaps each steam port, either internally 
or externally, is known as lap. On the steam side it is named 
outside lap; on the exhaust side, in^e lap. When the 
terms lap and lead are employed, they are understood to 
refer to outeide lap and lead only. 

The advance of the eccentric is a term need to denote the 
angle which it forms with its position at haJf stroke, and 
when the piston is at the commencement of its stroke. 

The locomotive slide (figure annexed), as seen in section, has 
neither lap nor lead, but did it extend to the 
faint dotted linea h h', it would have lap on 
the exhaust side to both ports; while, on 
the contrary, if it reached to the dotted 
lines a a', it would have lap on the steam 
side. Lap is chieSy used on the steam 
side. To see what effect this will have, 
let us examine the top port, and suppose 
the slide going up. It is evident if the 
slide reaches to the dotted line a, as it 
rises from the bottom of the upper port, it 
will close it sooner against the admissiou 
of steam than it would be otherwise if the 
slide were constructed simply as drawn in 
the figure; therefore the steam that has 
LOCOMOTIVE SUDK had time to get into the cylinder has to 
perform the rest of the stroke expansively. 
Lap on the exhaust or eduction side, b b', is always less than 
that on the steam side, and closes the port to iJie exhaust 
sooner than it would otherwise be, and thus prevents all the 
steam from rushing out to the exhaust; the steam remains 
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behind, and the piston acts against it as against a cnshion, 
and so all sadden jar and stoppage is avoided. Sometimes 
there is no lap, and even less than none, or negative lap; then 
the valve cannot cover both ports at once. When the slide 
has neither lap nor lead, the breadth of the slide face is 
equal to that of the steam port, and the travel of the slide 
twice the breadth of the port; but when the slide has lap, 
the travel of the slide must be double the lap with double 
the breadth of the steam port. 

134. Lead. — ^Let us suppose that at the instant the piston is 
at the top of its stroke, that the slide is in the position shown 
in the figure of the locomotive slide, but that it extends only to 
the top darkly-dotted line, then the port at that instant would 
be open for the admission of steam: this is what is called the 
lead of the slide. Kemember the lap is when the slide is at 
its middle position, but lectd when the piston is at the end of 
its stroke. The lap and lead of the D slide are explained in 
precisely the same way, but the steam side is the inner and 
the exhaust the outer. There is always more lead required 
in engines that are driven at great speed, than in those which 
work slowly. Again, in engines that travel fast, it is best to 
open the exhaust passage before the end of the stroke, or else 
the cushioning will act injuriously. 

135. Valves of the Special Fnmp. — ^We describe these 
valves, which are in a measure self-acting, as they seem to 
involve a mode of action which may be rendered still more 
effective and economical both in construction and wear and 
tear. 

A B is the steam chest filled with steam, the valves and 
the contrivance for their working. There is a double set of 
steam passages, a c and a' c', the same as in the locomotive 
slide, and e e' leading from near the ends of the steam chest 
to the inner end of two small cylindrical chambers, s and s\ 
formed in each of the cylinder covers, Both the small 
chambers are fitted with a piston, as seen at s and s', and 
kept in their places by the pressure of steam on their backs. 
C is an ordinary locomotive slide : as shown in the fifinire it 
is coyeiii>g the ports, so that the right hand is open to the 
exhaust, and the left for the passage of steam, consequently 
the piston is moving to the right. (We have drawn it near 



the end of its stroke.) On the back of the valve are a pair of 
lugs, vbich fit between two collars, D and D', formed on one 




n the ends of the same spindle are tvo plungers, 
^ ajid Y, which work in the ends of the ateam chest The 
steam chest is cast cylindrical on purpose for them to work 
in; but they do not work steam, tight, but are fitted ao as to 
allow a little steam to escape beyond the plunger, which 
thus gets shut up between the end of the plunger and the 
Bteam chest. 

When the piston arrives at the end of its stroke, it strikes 
against the small spindle in s', when the small valve is thrown 
oS* Us seat, thereby opening the passage e', and putting it in 
communication witiL the exhaust; so that the ateam which 
has escaped beyond the plunger F' runs to the exhaust, while 
the steam in the chest between F and F" will obviously move 
the valve to the right, and alter the position of the slide, 
putting the right hand port in communication with steam, 
and opening the left to the exhaust. The stroke is then 
made towanls the left, and the valve s thrown off its seat, 
when the steam from behind F escaping to the exhaust, the 
slide is moved to the left again. 

136. Rotatory Valve. — A ia a section of a rotatory valve 
«B used in Btimsbottom'a "Intermedial Steam-engines." M 
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is the main Bha£t, a projection on the end moves the slide 
round and round; ihepa/rt ma/rJced black is the slide ; S is the 
steam pipe; the steam can freely enter A. As shown in the 




BOTATOEY VALVE. 



figure, the port 2 is open for the steam to pass to the bottom 
of the cylinder to drive the piston up, which is now close at 
the top of its stroke. When the opening in A is turned 
round, we shall see then that steam will enter 1 and pass to 
the top to drive the piston down. The opening in the slide 
can be very wide, so as to admit a large quantity of steam ; 
and it is evident that we can allow steam to pass iuto the 
cylinder during what part of the stroke we please. As the 
dark parts revolve with the shaft, the opening near A is 
alternately brought opposite to each steam passage 1 and 
2, when steam will altemately pass to the top and bottom 
of the cylinder to drive the hollow piston P P. 



CHAPTER Vn. 

OTHER VALVES. 

Homblower*s Valve — ^Equilibrium — Escape — Sniftiiifl; Valve — Com- 
munication Valve — India-rubber Disc Valves — Kingston's Valve 
— ^Blow-through Valve — ^Balanced Slides — ^Facing valves. 

Beside slide valves, there are expansion valves,* such as 
Homblower*s, the equilibrium ai^d Cornish double-beat j also 
the escape valve, India-rubber disc valves, Kingston's valves, 
etc., with communication or stop valve, safet7 valve, vacuum 
valve, and blow-through valve. Any valve will constitute 
an expansion valve, so long as it will suddenly give a large 
opening for steam, and as readily cut it off. When the 
throttle valve is used to regulate the steam supply, the steam 
is said to be wire-drawn ; throttliag is when you are using 
the valve to work the engines slowly. 

137. Homblower's Valve. — ^As soon as high-pressure steam 
came into use, a valve was wanted that would move easily, 
although the pressure of steam was very great. This valve 
has the " merit of affording any amount of expansion with a 
rapid cut-off and absence of wire-drawing, and a fully open 
passage to the condenser during the whole of the stroke." 
It consists of one tube sliding within another, like telescope 
tubes, with a valve fixed right across the tube; when the 
edge of the inside tube comes down on the valve no steam 
can pass, but directly the tube is lifted it can pass freely. 
It will lift easily, because the steam can press nowhere but 
upon the top circular edge of the tube. 

188. Eqailibriam V^ves. — ^Equilibrium valves are those 
upon which the steam presses with equal force (or very nearly 
equal force) both upon the top and bottom, being ready to 
move easily when required. The following figure will give a 
good idea of an equilibrium valve : — 

* For a good expansion valve, see Elementary Steanu 
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S is the sTwun-pipe, through which steam is introduced into 
the valve -box A B; 
a and 6 are two conical 
valves on one valve 
spindle c d, kept in its 
place by the socket d. 
The steam is required to 
pass at intervals along 
C. This it wiU do with 
full force when the 
valves are but slightly 
lifted upwards. It is 
seen that if a and b be 
very nearly equal, the 
valve is in equilibrium, 
and only a small force is required to lift it, for the pressure 
of steam on the top of a is counteracted by that on the 
bottom of 6. 

139. Cornish Equilibrinm, Double-beat; Crown or Drop 

Valve. — ^A B is the valve-box. 
Steam enters it, let us say, from 
C, and is required to go along D, 
after passing the valve. It might 
with equal propriety be supposed 
to come from D and be passing 
down C. The part drawn with 
cross lines or section, is a cylin- 
drical piece of iron fitting down 
on two rings, b b and b' b\ The 
small squares are the sections 
of the rings; suppose these to 
go all round. It is evident that coiunsH double beat valve. 
when the valve is down on the 

rings no steam can pass, but as soon as lifted it can rapidly 
pass through the two openings marked a in the paths indi- 
cated by the arrows. These openings extend all round in a 
circle. A very slight movement gives a large opening for 
steam. The seats b b and b' V are called the beats. Some- 
times these valves are made with three or four beats. 

140. Escape Valve.— The escape valves should have been 
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noticed when describing the cylinder. They are fitted in the 
top and bottom of the cylinder, being kept in their places by 
weights or springs. Water that gets into the cylinder through 
condensation or priming, as it is incompressible, would inevit- 
ably break something, were not provision made to allow it to 
escape through the escape valves. They are loaded with a 
weight or spring greater than the pressure of steam in the 
boiler. Test or pet cocks are also fitted to the tops and 
bottoms of the cylinders in marine engiues for the same 
purpose. They are always opened on starting the engine, 
and shut when property imder way. The escape valves are 
always ready to act, and are held in their places by weights, 
which keep them closed only so long as the pressure in the 
condenser is below that in the boiler. 

141. Snifting Valve or Tail Valve.— The snifting vahe 
is placed in communication with the condenser, to allow tlie 
air to escape should the pressure of air become too great in 
the condenser. It was referred to in describiQg Newcomen's 
engine, and should have been shown in Watt's improvements 
at the bottom right hand comer of the figure. Before start- 
ing it is customary to " blow through," when the condenser 
is cleared out, and any air there may be in the condenser is 
driven out th^ugh the sniftmg valve, which is lifted on pur- 
pose. A snifting valve is not always fitted to an engine, 
because the air pumps take off the air. 

142. Commanication or Stop Valve. — ^The purpose of 
the cormnunication or stop valve is to allow the steam to pass 
from the boHer to the engine. When it is wished to start, a 
handle is turned roimd, which lifts generally an ordinary 
conical valve from its seat, and the steam passes at once into 
the steam pipe to the slide casing, etc. A communication 
valve is fitted to each boiler, so fiiat when an engine has 
several boilers, any one or more can be used without the 
others. The regulator in the locomotive corresponds to the 
communication valve in the marine and land engiae. 

143. India-rubber Disc Valves. — ^These are employed, espe- 
ciaQy in swift running engines, for air-pump valves, instead 
of the common butterfly or clack valves. They are con- 
structed with a ring or disc of Indiarrubber covering a grating. 
A B is a circular piece of good thick vulcanized India-rubber; 
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D is the grating over whicli it is fixed ; the arrows show 
the direction in which the water passes. The grating is 
very similar in construction to 
those employed for air-gratings in 
floors. E is the guard to keep the 
India-rubber from collapsing into 
a heap. All these are bolted to- 
gether by the bolt a b. When 
water has passed through the aper- 
tures in CD, and the pimip ascends, 
the pressure of water on and 
above A B lays it flat on C D, india-eubber disc valve. 

so that none can return. But on the down stroke, the 
India-rubber being pliable it gives way, and the water passes 
above the valve, fiie guard has apertures in it. 

144. Kingston's Valves are conical valves with the largest 
end downwards. They are fitted to every opening below the 
water line in a ship. The. largest end is presented to the 
pressure of the outside water, so that in attempting to get 
into the ship through any orifice where they are fitted, the 
water actually closes it up more tightly, and so leakage is 
prevented. They are opened and ^ut by turning a screw 
by its handle ; and when open the valves come outside the 
ship's bottom, but there is a guard to prevent them being 
opened too far. 

145. Blow-throngh Valve. — ^The blow-through valve of 

an engine is used to drive out all water from the cylinders, 
casings, and condensers before starting. It is placed at the 
bottom of the slide casing so as directly to commimicate with 
the condenser. But sometimes one is placed at each end of 
the cylinder, and worked by a handle from the starting 
platform. Some engine-makers fit a small locomotive slide 
and ports for the purpose, which can also be used to start the 
engines. Before the engine is started, steam is admitted 
through the blow-through valve, and the cylinder first cleared 
of air and water; the steam passing on clears the condenser 
in the same way, so that as soon as the engine begins work 
a good vacuum is obtaiued in the condenser. TMs last is 
the chief object for which blow-through valves are fitted. 
S P is the steam pipe ; the steam having been brought to 
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the back of the slide cannot enter the cylinder unless the 
long D slide be lifted up or down, neither can it go to the 
condenser unless the blow-through valve B be opened by 

means of the handle h. When the valve 
B is lifted off its seat, then steam can 
freely pass to the condenser, and blow 
out all air and water that may be in it ; 
when no blow-through valve is fitted, 
by the tedious process of alternately 
letting the steam pass to the top and 
bottom of the cylinder, by raising and 
lowering the slide, the steam may be sent 
to the condenser, from which it will in 
time expel the air and water. 

146. Balanced Slides. — ^When steam 
of a higher pressure began to be used in 
engines than was customary in the days 
of Watt, the general size of the slide rods, eccentric rods, 
bands, etc., were found to be too weak to perform their work; 
so that in large engines, such as those that were used in our 
large ocean boats, tiiese parts were made enormously strong 
and out of all proportion to the rest of the engine, from which 
a great amount of power was taken to move the large 
slide valves, when their whole back surfaces were exposed to 
the pressure of the steam. Engine-makers seeing this took 
the matter into consideration, and arrived at results which 
relieve the slide valve of most, if not all, of the pressure ; by 
these means the appearance of the engine has been greatly 
improved. The steam-hammer was the first engine in which 
it was attempted to fit a balanced valve, because, perhaps, 
the slide valve being workied by hand, the evil was felt too 
acutely to be longer neglected. A piston was fitted to a 
cylinder, which was placed above or at the back of the slide 
■^ve, to which it was connected by a rod. The area of the 
piston was made a little less than the area of the slide valve. 
abcde/ghis the slide casing; V is the valve, and V R 
the valve rod; to the back of the valve, by a ball and 
socket joint, is attached the rod p, which is fastened in a 
similar manner to the piston i. When steam enters the 
valve casing through O, it will press heavily against the 
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back of the valve. It will also enter/ e de^, and force the 
piston i in the oppodte direction. Thus the valve is 
relieved of the preagora, and more readily moved to 
alloT steam to pass through s or to the 
exhaust n. 

It -will thus be Been that there is just , . , 
or nearly the same force pressing against |_' - 
the valve aa against the piston, or tiie t :il 
valve is balanced. f-.i , 

We. will now expl^ another and ^ ' 
one of the best plans yet adopted for ^'" 
balancing the slide. The back of the 
slide jai&et cover is first planed. On 
the back of the slide valve is cast a large 
circolar recess, which is further turned ^ 
in the latlie, and into which is fitted 
a metallic ring. Several strong epriags are placed at the 
bottom of the recess, which force the ring out against the 
planed surface of the jacket. It wOl thus be seen that 
at the back of the slide valve there is a large circular 
space on which the steam cannot press at all, only on the 
four comers of the valve. There is also a communication 
kept open between the space inside the ring and the 
condenser, by vHiich means the condenser vacuum is in 
connection with the back of the slide, and is made to help to 
draw (^ the valve from the face of the ports, so aa to coun- 
teract the pressure of the steam on the four comers. In &ct, 
it has been calculated that whem^these engines are working 
with a low steam pressure and a good condenser vacuiun, 
there is a good pressure temUng to draw off the valve &om 
the face of the cylinder ports. 

Balanced valves have been shown to possess so many good 
qualitieB and advantages, that no lai^e engine is made without 
them now by any engineer who wishes to get the greatest 
amount of work with the least possible outlay. 

147. Pacing Slide Valves.— The faces of the slide valves 
must be BO prepared that steam will not be able to find its 
way between them Mid the nozzles of the cylinder into the latter. 
The valve being cast, the faces are first planed in the planing 
machine as true and smooth as that machine will make them. 
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Then a fine or snaooth file is taken, and the faces are filed 
with it till all the marks made by the tool of the planing 
machine are taken out. The valve is next rubbed against a 
surface plate (a truly flat surface), on which is spread a thin 
covering of red lead and oil, this marks with red lead any 
inequalities that may now exist on the valve face. A scrape 
or scraper is then taken, which is simply a flat piece of steel 
with a very fine edge finely tempered and sharpened on an 
oilstone, it is held in the hand, and all marks of red lead 
are scraped off from the slide with it. This is repeated till the 
valve face bears all over on the surface plate. 

The valve is now covered with the red lead and oil, and 
applied to the face of the port on the cylinder, when the red 
lead marks left on are scraped off as before, till in its turn 
the valve face bears all over the corresponding face on the 
cylinder. We thus get a perfectly steam-tight slide valve face. 

In the American locomotive ^ops it is now the practice to 
put the slide valves in as they come from the planing machine, 
without any other preparation whatever; after a few days' 
working a very good bearing is found to have established 
itself. 

There appears to be a general opinion that a large amount 
of time and money is wasted on the preparation of sHde valve 
faces by making them fit so nicely; for when hot, the amount 
of expansion of the small thin part is unequal to the larger 
and thicker, and thus, it is averred, the truth of the slide 
valve is destroyed as soon as it is put to work. 



EXERCISES CHIEFLY FROM EXAMINATION PAPERS. 

1. Describe the long D slide (1867). 

2. What is tbe use of the expansion valve ? Show by a dia^am 
the pressure of the steam in different parts of the stroke when worked 
expansively (1867). 

For latter part of question see chapter on the indicator. 

3. Give a short description of the common D slide, the short I) 
slide, and Seaward's slide. What kind of slide is used for double 
cylinder engmes (1867) ? 

4. The length of a gab lever is 10 inches, and the travel of the 
slide is 12 'inches ; find the travel if the gab lever be shortened 1 
inch (1867). 
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The gab lever is the lever to which the eccentric rod is attached 
to work the slide. 

If L and I be the length of the gab lever, and t and f the travel of 
the slide respectively, we have the following inverse proportion : — 

It il I :f it. 

The reason is obvious, for if the gab lever be shortened the ec- 
centric rod, or the throw of the eccentric, remaining the same, will 
move the aJiort gab lever throuffh more degrees of a circle than the 
longer one. Hence the shorter &.Q gab lever the longer the travel of 
the slide. 

To solve the above question, since 

Liliif it 
.'. 10:9 : :^:12 

y 

5. What is meant by lap ? What is the difference in the working 
of two engines, one of which has lap to the slides and the other has 
not (1867) ? 

6. Describe an e<|uilibrium valve. The upper side of an equilibrium 
valve is 9 inches m diameter, and the lower side 8 inches ; find the 
power necessary to lift it when the pressure of steam is 16 lbs. above 
that of the atmosphere, if the space between the upper and lower 
valves be a vacuum (1867). Aois. 413*9 lbs. 

7. Describe generally the side lever marine engine. What is the 
object of the uow-through valve, and where is it placed ? Which 
parts of the engine are made of brass, and which of cast or malleable 
iron respectively (1870) ? 

8. Explain the principle of an equilibrium valve, and illustrate 
your explanation by referring to the Cornish double-beat or crown 
valve. In a double-beat valve the internal diameters of the two seats 
are 5 and 3^ inches, and the weight of the valve 68 lbs., what head 
water could be held back by such a valve, before the pressure of the 
water would cause it to lift (1870) ? 

It wiU keep back a pressure of 5*99 lbs. on the square inch or 
15*57 feet of water nearly. 

Effective area of valve x pressure = weight of valve proper. 

I 5» - (3i) » I X -7854 X pressure=68 lbs. 

. *. pressure = 5 *99 lbs. 

9. What is the distinction between a single and a double acting air 
pump ? Sketch both forms of air pump, showing the valves neces- 
sary in either case. Describe the India-rubber disc valve (1870). 

10. Describe some form of ^ slide valve as fitted to the steam 
(Tsrlinder of a double acting engine. Sketch the valve in section with 
the opening over which it slides, and give some account of lap on 
the steam side. How is the face of such a valve made truly plane 
11871)? 

X 
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11. For -what purpose are esoape valves fitied to the cylinders of 
marine engines ? How are such valves kept dosed, and what deterr 
mines the least amount of load which must be put on them (1871) ? 

12. Show that a single slide valve will suffice to work a double 
acting engine, in the place of two steam and two exhaust valves. 
Ezpl^ witii a i^etch the action of any slide valve which you select 
(1871). 

13. Define the lap of a slide valve. Explain the effect produced by 
adding lap, (1) to the steam side, (2) to the exhaust side of valve, 
showing what would occur if there were no lap on either side (1871). 

14. A pum^ valve is made in the form of two rings, each 1 inch 
wide, ana of internal diameter 6 and 12 inches respectively, what 
is the area of the openings of the seating, and what should be the 
lift when the valve is full open (1871) ? 

Ans. Area 29*8452 inches. Lift ^ inch. 

15. The safety valve on the boiler of a locomotive is held down by 
a lever and spring, sketch the arrangement. A safety valve 4 inches 
in diameter is constructed, so that each pound of additional pressure 
per square inch on the valve corresponds to 1 lb. pressure on the 
spring, what are the relative distances of the spring and valve from 
tne fulcmm of the lever? After the valve is set, now much additional 
pressure per square inch will be necessary in order to lift it ^ of an 
moh, the spring requiring 10 lbs. to extend it 1 inch (1871) ? 

Ana, Eelative distances 2 : 25, nearly. 
•497 lbs. 

16. Describe the locomotive or three ported valve, as applied in 
ensines of short stroke. Why is its use restricted ? Show that lap 
added to the vs^ve produces an expansive working of the steam 
(Honours, 1871). 

17. Describe the long D slide. The cover of a valve is 1) inches, 
wheroof IJ inches is the lap on the steam side, and i inch is the lap on 
the exhaust side ; if i inch is allowed for lead, what will be the 
amount of opening of the lower part to the exhaust when the piston 
is at the top of its stroke ? Why is the lap on the exhaust side made 
so much less than that on the steam side (1870) ? 

Am. 1} inches. 

18. Describe some arrangement of expansion gear suitable for 'a 
marine engine. What form of valve should vou employ (1870) ? 

19. Show how to find the proper length of the eccentric rod of an 
engine. The travel of a slide is to be increased from 13 to 15 inches ; 
w£tt alteration must be made in the length of the eccentric lever, 
whose original length was 12 inches (1863) ? 

Ana. Gab lever must be shortened If inches. 

20. Describe the safety valve. If a circular inch be allowed on the 
area of a safety valve for eveiy 200 square feet of heating surface, 
what must be the diameter of a valve for a boiler whose heating 
surface is 1,200 square feet (1868) ? Ana, 2*45, nearly. 

21. Describe the Cornish double-beat valve (1868). 

22. Describe the Cornish double-beat valve with a sketch (1866). 

23. There are two valvesi the diameter of one is 2*5 inches less 
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tlian tliat of the other, a&d the sum of their area is the same as ih&t 
of a valve of 11 inches diameter, find their dimensions (1866). 

Ans. 6*4 and 8*9. 

24. How is the slide of an engine placed in the middle of its stroke 
(when adjuBtmg the slides) (1866) ? 

25. What is the use of the cylinder escape valves? The steam 
pressure of a boiler is increased &om 12 to 15 lbs., how much must 
the weight of the lead cylindrical weight on the valve be increased, its 
diameter being the same as that of the valve, and a cubic foot of lead 
weighing 710 Uss. (1866) ? The question as it stands is absurd, the 
weight would be a yard high. 

Ans. 7*3 inches in length. 

26. In some double acting engines the valves connected with the 
steun cylinder are double-l^at valves worked by cams. State the 
advantages of this system, and explain the principle of a double-beat 
valve (Honours, 1871). 

27. Describe the locomotive and long D slides. The travel of a slide 
is 14 inches, depth of the port 6 inches, and the slide is short on the 
exhaust side J inch ; when at the middle of the stroke, how far does 
the slide go below the lower edge of the port on the exhaust side at 
the extreme of its stroke (1863) ? 

Ans. \i inches. 

28. Describe the long D slide, and show how it is worked by the 
eccentric. How is the packing of the slide at the upper and lower 
ends lubricated (1864). 

29. Describe the safety valve of a locomotive boiler. Explain 
Bourdon's gauge for ascertaining the exact pressure of the steam in a 
boiler (1869). 

30. How is the scale of the barometer gange graduated? What 
error is introduced by having the scale fixed ? To what extent will a 
thermometer, having its brdk inserted in the condenser, supply the 
place of a barometer gauge (1863) ? 

31. Give a sketch of a blow valve and a snifting valve, and show 
why these valves require no spring nor weights to keep them in their 
seat (1863 and 1864). 

The blow valve has steam above and a vacuum below. The snift- 
ing valve, which is frequently kept in its place by a spring, has the 
atmosphere above and a vacuum below. 

32. Explain the meaning of the terms cushioning, lead, and lap. 
On what is lead made to depend (1864)? 

33. In what way is steam admitted into the cylinder ? How is the 
apparatus worked (1865) ? 

34. Describe with a sketch some form of slide valve, as connected 
with the steam cylinder of an engine, and explain its action (1869). 

35. Describe tne method of working a slide valve by an eccentric 
(1869). 

36. Describe Kingston's valve. Show how to ascertain the degree 
of saltness of the water in a marine boiler (1869). 

See chapter X 

37. Describe some form of steam slide valve adapted for a double 
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acting engine* How are the faces of such a valve prepared so as to 
make it steam tight (1869) ? 

38. Define the lap of a slide valve. What is the object of putting lap 
upon a slide ? What is meant by the lead of a valve, ana what con* 
eiderations determine the amount of lead (1869) ? 

39. Describe and explain some form of equilibrium valve. The 
diameter of a steam pipe is 12^ inches, the upper and lower discs of an 
equilibrium valve being 12 and 10} inches in diameter respectively, 
what will be the lift of the valve when the pipe is fully open (1859) ? 

Ane. 1*736 inches. 

40. Describe Kingston's valve. Sketch the arrangement of a feed 
pump and the valves connected with it. How are India-rubber 
ftTiTinlar valves made and fitted (1869) ? 

41. Describe the blow valve and the snifting valve, and why the 
former is not so important as formerly ?* The diameter of a blow valve 
is 4*5 inches, and the steam gauge at 23 inches, what force is required 
to lift it before and after a vacuum has been created in the condenser, 
the barometer gauge in the latter case standing at 24 inches (1869). 

Am. 556*652 lbs. 

42. Give a description of the gridiron valve. A gridiron valve has 
three openings for steam, each 16 inches by 3, find the total opening 
for steam. Ana. 144 mches. 

43. Describe the short D slide ; explain its action, and state in what 
respect it differs from the long D. 

44. Give definitions of "full steam," "cutoff," "angular advance," 
** linear advance," and "travel of slide." 

The travel of a slide is the sum of the distances it moves up and 
down from its mid position. 

45. How do Seaward's slides differ from others, and what is meant 
by the steam and exhaust side of the cylinder. 

46. Describe any form of valve that is self acting. 

47. What is meant by a " rotatory valve ? " 

48. Explain the term "balanced slide." Why do slides require 
balancing, especially those of the steam hammer ? 

49. Describe Homblower's valve. 

50. Give a sketch of a " snifting" and "blow-through valve.' 

* Higher pressure steam is used, and therefore in starting the engineer has not to 
4epend so much^as formerly upon a good yaoaum. 
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CHAPTER VIIL 
THE BOILER AND ITS APPENDAGES. 

Definition — ^Haycock, Hajrstack, or Balloon Boiler— Waggon Boiler- 
Flue Boilers — Length and Diameter of Flue — ^Plates — Marine 
Flue Boilers — Blast Pipe — Steam Chest — ^Locomotive Boilers — 
Field's Boiler — Galloway's Tubes — ^Vertical Boiler — Cornish 
Boiler — ^Fusible Plugs— Clothing Boilers— Copper Boilers — ^Test- 
ing—Water Heaters— Surface Condensation—Circulating Pumps 
—Ejector Condenser. 

The boiler is the vessel in which steam to drive the engine 
is generated. It has received various shapes from early and 
late engineers, such as haycock or balloon, waggon, sphere, 
hemisphere, ring or annular, flue, Lancashire, Cornish, and 
return-tubular. Field's, etc. The early boilers were very 
defective in their construction, being actually made of cast- 
iron with leaden or wooden tops, and even with wooden 
shells hooped like barrels, and often with flat surfaces — ^the 
weakest of all forms ; but then no danger arose, for the pres- 
sure seldom or never exceeded twelve or fifteen pounds on the 
square inch; but now, when boilers have to submit to ten or 
twelve times that strain, care, thought, and diligent enquiry 
are absolutely necessary. 

If, in the construction of steam boilers, strength alone were 
studied, the spherical form would be adopted, because it is 
the strongest of all forms in which a vessel can be made if it 
is to resist either internal or external pressure; but although 
such boilers have been used here and there they will never 
come into extensive use, because they have not a large amount 
of heating surface. The cylindrical form is next to the 
spherical in point of strength, and superior to it in respect of 
superficial area or heating surface, hence this form is very 
generally adopted. 

148. The Haycooky Haystack^or Balloon Boiler^ perhaps the 
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eturliest used, had for its lower part the &u8tnim of a cone, and 
iia top a hemigphere. 8ome of these may still be seen at 
old mines. It is said that 
more e^lodons have oo- 

curred wiiJh these boilers 

than 'with any other class. 

shape is inherently 
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149. The W&ggon Boiler 

has been more eztensiTely 
used than the last. Inshape 
it is somewhat like a car* 
lier's waggon. The fire is 
placed beneath the bottom. 
IS employed veiy much 
by Boulton and Watt; being 
surrounded with brickwork fines in such a maoner that the 
heated air and gases could 
nm all round the lower 
i part of the bailer. These 
e not strong boilers, they 
require much staying. 
When an explcsion takes 
' fl f ! X/'tL-l-^'l ^ \ i place, they generally give 
i- f t-^T 1 s^ i \ \^>^ way at the bottom. 

160. Floe or Cylindrical 
Boilers (external jnressure). 
— These are a great stride 
beyond the last, and ap> 
proach the true shape of a truly efScient boiler. They con- 
sist of a large cylinder 'with one or more flues pEissing through 
their whole length, which are generally built of plates of 
the same thickness as the other parts of the bmler, but 
experiments prove this to be a vicious system. 

Flue boilers assume many difi'erent airangements as r^ards 
the fines. The next figure shows the return flue boiler. At 
first the fine went right throu^, the fireplace at one end 
and the chimney at the other. It was & great improvement 
and early introduced, to let the flue curve round at the 
further end and return to the iront, ho that chimney and 
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fireplace were both at th« same end. The fireplace is seen 
to ^e left, and the chimney on the right of the firont, while 
tlie dotted lines show the 
coarse of the flue in the boiler. 
When the boiler has but one 
tabe running from end to end, 
it is generally called a Cornish L 
boiler, and when two it receives 
the name of Lancashire boiler ; 
but -we have explained a little 
further on with an illustration 
the real distinctiTe features of a 
Comish boUer, and it must not be left unstated that we may 
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speak of a two-tabe Cornish boiler, but still it is a very 

oommon mode of distinguiahing boders 

of one and two tubes from eadi other, 

especiaUy in the Midl&ads, calling 

them respeotiTely Comish and Lancar 

shire boilers. 

VSL Elephant or French Boiler — ^^ 
One of the most extraordinary forma ^ ^ 
given to boilers is shown in the annexed ( , 
illustration, which is not only a very bad ^— ''^ ~ 
form of boiler, not being eeonoroical, "'™=^,^^j^"^'^ 
but it is a dangerous one. 

153. Leng^ of Flues. — Sometimes flues are made to run 
the whole length of the boiler, twenty or thirty feet, without 
any supports. Three tubes were taken, four inches in 
diajueter, of the same thickness of irOn, supported at the ends 
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by rings, but respectively nineteen, forty, and sixty inclies 
long. Pressure was brought to bear upon them, and they 
collapsed at 137, 65, and 43 lbs. per square inch. This 
clearly demonstrates that the strength of similar tubes to a 
collapsing pressure, is in inverse proportion to their length. 
Two boiler flues forty-two inches in diameter, three-eighths of 
an inch thick plate, and twenty-five and thirty-five feet long, 
collapsed — ^the former at a pressure at 97, and the latter at 
27 lbs. on the square inch. 

158. Diameter of Flues. — ^The greater the diameter of 
a flue or cylindrical boiler, the weaker it is. Its strength 
varies inversely as the diameter, t.e., double the diameter, the 
strength is diminished by one half. From experiments: 
three five feet tubes, four, eight, and twelve inches in diameter, 
about -^^ of an inch in thickness, collapsed at a pressure of 43, 
20*8, and 12*5 lbs. on the square inch respectively. 

1&4. Thickness of the Plates. — The strength of flue is 
augmented with the thickness of the plate in a little 
greater proportion than the square, fe., if a plate one-eighth 
of an inch thick bear a certain strain, then one double the 
thickness, or one-fourth of an inch thick, will bear a strain 
equal to 2^-^*, or more than four times as great. Then, 
because the greater diameter of a tube the weaker it is, 
and because, also, the strength of a plate increases with its 
thickness, therefore the thickness of a tube plate should be 
in proportion to ijhe diameter of the tube; or, the plates of a 
two feet diameter flue should be, within certain limits, double 
the thickness of those of a one foot flue; or, if the plates 
of a one foot flue are one-fifth of an inch thick, those of a 
two feet flue should be two-fifths of an inch thick. 

Mr. Fairbaim, to whom we are indebted for these impor- 
tant experiments, and from whose valuable work. Useful 
Information for Engineers, these facts are culled, proposes a 
remedy and modification in tubidar boiler tubes, which have 
hitherto been constructed without a correct knowledge of the 
laws of nature. He proposes that strong rings of T or angle 
iron shall be riveted at intervals of 10 fbet or less along the 
flues, thus practically reducing them to several tubes of short 
length, and, therefore, considerably increasing their strength. 
He also proposes that they should not be formed with the 
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usual lap joints, but with riveted hutt joints, and longitudi- 
nal covering plates. 

166. Boilers' Internal Pressure. — He also shows that the 
tensile strength of a boilerplate is nearly the same whether torn 
asunder in the direction of the fibre or across it ; and that 
heat does not affect their strength vip to 315°C., above which 
they rapidly become weaker. Riveting reduces the tenacity 
of a boiler or the bursting pressure from 23 tons per square 
inch to 15 tons. Cylindrical boilers made of the same thick- 
ness of plates throughout are more liable to give way along 
the sides than at the ends. 

The external shell of a boiler is three or four times stronger 
than the flue, if both are constructed in the ordinary maimer; 
or, the outside shell more easily resists the bursting pressure 
than the tubes can the collapsing. But if the flues are divided 
into lengths of 10 feet or less, by strong ribs of angle iron, 
their resistance is enormously increased. Cylindrical boilers 
must be strengthened in the same way, but are considerably 
weakened if made elliptical instead of cylindrical. 

166. The Marine Flue Boiler. — ^In this boiler the fire- 
places are within the shell, and the flues wind backwards and 
forwards until they discharge the remaining heat up the fun- 
nel, the furnace (or furnaces) being at the end of the boiler, 
below the middle of the water. The heat first descends to 
the bottom of the boiler and towards the farther end, it then 
winds back towards the furnace, and turning up and back 
comes now to the bottom of the funnel, near the centre of 
the boiler. 

167. The Marine Tubular Boiler. — ^In tubular boilers the 

heat is allowed to pass into and through a series of tubes 
which run through the water. They are chiefly employed in 
locomotive and marine engines. 

The figures on next page represent (1) a longitudinal 
section of a marine tubular boiler, (2) a front view — 
partly in section, to give a better idea of it, and showing 
four furnaces F P, with the ashpits A P. The small circles 
represent the ends of the tubes, WW is the water in the boiler, 
www the water around the tubes, the spaces between them 
are the tubes themselves, w l is the water level. In the left 
hand figure F P is the fireplace, B the bridge. The coal is 
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first thrown on to the dead plate D to "warm, it is then 
pushed on to the fire bars a a. The fire bars are in lengths^ 
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and the ends are not close together, to allow for expansdon* 
B is the bridge to prevent the fire from getting too far back 
in the furnace; the bridge sometimes forms part of the boiler 
itself — a very bad practice— but is more frequently built of 
Stourbridge fire-clay bricks. The heated air and gases pass 
over the bridge through the lower tubes cccc into the fire 
box F £, then through the tubes eeee into the smoke box 
S £, and up the funnel or uptake F. The smoke box has a 
door opening into the engine room, so that the tubes may be 
cleared out shoidd soot, etc., lodge in them. They also dant 
a little, the short ones towards the fire box, the longer ones 
towards the smoke box ; so that the heat may receive more 
resistance in passing through, and have a better chance of 
communicating its motion to the water. 

The next figure is another form of marine tubular boiler, 
which has been much used in compound engines. The boilers 
just described are not constructed Ijo bear a very great 
pressure of steam, but those on this principle are. 

In this figure the references are the same as in the last. FP 
is the fire place or furnace, A P is the ashpit, W the water, 
w L the water line, ccc the tubes, F the fiinnel — ^the bottom 
of which in this arrangement answers both for fire box and 
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smoke box. Each fireplace has its own boiler, which can be 

kept perfectly distinct, as will be explained when speaking of 

the communication valve. 

A B is the superheating 

apparatus ; the steam 

leaves the stecmi chest by 

the passages a a, and 

passing in and out 

through the tubes within 

A B becomes further 

heated, by the heat 

parsing up the fdnnel, 

and is carried off by the 

steam pipe S P to the 

cylinder. At WS the 

waste steam returns 

through the exhaust 

pipe, and rushing up the 

chiamey creates a 

draught, answering better than a blast, and giving the 

engine-maker a chance of making his furnace small. 

158. The Blast Pipe is a pipe leading from the boiler into 
the fonnel to create a draught whiLe getting up steam ; but 
when the engine is moving (non-condensing engines), the waste 
steam passing through the waste steam pipe performs this office. 
The steam rushing up the funnel leaves behind a vacuum, 
when the air, rushing through the fire bars to supply its 
plstoe, gives up its store of oxygen to combine with the other 
products of combustion, and iutense heat is produced. It 
was this contrivance that so efficiently assisted Stephenson 
to win the prize of j£500 at the memorable competition at 
Bainhill, when his engine, the Bocket, now in the South 
Kensington Museum, defeated the Novelty and SanspareiL 
He also used coke and a tubular boiler. 

159. The Steam Chest is either a dome above the boiler, or 
else the upper part of the boiler. It is a reservoir for steam^ 
so that should the engines be usrng steam faster than the 
evaporation of the boiler, there is a supply to fall back 
upon. 

The little squares marked with a dash (') in the figure on 
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page 139 are sections of the bearing bars which run across the 
fire places to support the fire bars. 

160. Locomotive Boilers. — In the figure on page 138 
suppose the fireplace reaches up higher, and that all the 
tubes are of the same length, but longer, and that the smoke 
box is where the fire box is, and the funnel above it, you 
have then a very good idea of a locomotive boiler. The 
fireplace is made of copper, being better adapted to bear the 
intense heat and a better conductor than iron, it therefore 
communicates the motion more readily to the water. Over the 
fireplace is a part of the boiler quite flaU This is theoretically 
the weakest part of locomotive boilers ; and, therefore, it is 
well strengthened with angle iron, gussets, rods, etc. 
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LOCOMOTIVE BOILER. 

A full explanation of the locomotive boiler, with figures 
of the different details, is given under the proper headings in 
the chapter on the Locomotive. 

161. The Field Boiler.— The Field boiler, named after its 
inventor, is an ordinary boiler, with the bottom, or part 
immediately over the fire, consisting of a series of vertical 
tubes — or rather two tubes, one inside the other. These 
come down towards the fire. The peculiar action or advantage 
of this boiler depends upon convection. The heat of the fire 
in contact with the tubes heats the water between the two 
tubes, which immediately ascends, while other water moves 
down the central tube to supply its place ; so that, as the 
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Leated water and steam ascend, a constant circulatioa is 
promoted, and other water is brought in contact with the heat. 

162. Galloway's Conical Water Tubes are an application 
of the same principle. Thoy axo exceedingly well adapted 
for flue boilers, being used to connect the bottom water with 
that above the flues ; as the water in the tubes is heated it 
ascends by convection, and a constant circulation is kept up 
between the lower and upper water. They are of the same 
thickness as the boiler plates, and their seams are riveted; 
they are, therefore, not liable to leak or ^lit, while they act 
as very strong stays. ^ 

163. Vertical Boilers.~Yertical boil- 
era assume many shapes internally, 
although their outward appearance coi^ 
responds very much to tJie figure in 
the mai^in. Vertical boilers are used 
in steam cranes, hoists, and often in 
portable engines, and in Samuel's ex- 
press locomotive. In this figure P B 
is the fire box ; the letters "W W show i 
the water spaces, w l the water line. 
It is seen tliat tubes leave the boiler 
immediately above the fii'eplace, and 
rejoin the water at the crown of the 
furnace. Evidently from this arrange- 
ment the convected water will have a 
free rise, and a given quantity of heat 
will produce a fair amount of evapor- 
ation. In vertical boilers vertical tubes 
are used, as in Samuel's locomotive 
mentioned above; but vertical tubes by 
no means constitute a vertical boiler. 

164. The Comisli Boiler. — The 
Cornish Iwiler is a long cylindrical [ 
one. Its peculiarity is in the internal 
arrangement of the flues, which can 
be best understood by well examining the following figures. 

D is a longitudinal section, E a cross section. The lines 
of shading in both figures show the water, e d e/ is the flue, 
in the right hand of which is the fireplace and ash pit. 
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Immediately behind the fire bridge B is a large tube a'a 
rmming beyond the end of the boiler to a^ and suspended 
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within the flame and burning gases. It 
communicates with the rest of the boiler 
at g and h by means of two copper 
pipes. Sometimes the pipe is not at g, 
but leads from the end a into the top 
of the boiler at 6. WL is the water 
level, and it will be observed that there 
is a very large steam chest 8 c, and that 
Cross Section, the surface of the water is large. It is 
for this reason that there is no priming in Cornish boilers — 
the steam having plenty of room and a large surface to rise 
from. The fire and heat play everywhere within the flue, and 
are brought right round under the boiler, and pass along by 
D to heat the water in the bottom space dhe. The whole 
is set in masonry, and the arrangements are so good that 
very little heat can escape by conduction or radiation, while 
the heating surface is very great. Erom having such a 
large amount of heating suiface it has been calculated that 
a pound of best Welsh coal in a Cornish boiler will evapor- 
ate 1 1 J lbs. of water. This boiler is never used now, see p. 136. 
165. Fusible Plugs. — ^A precaution that should always 
be adopted to prevent boiler explosions will be found in the 
use of a fusible plug, or fusible metal plate, or a lead rivet 
placed in the boiler immediately over the fireplace. The 
lead livet melts when the temperature of the plate is raised 
to a heat the steam does not r^etch, 338°C.; so giving vent to 
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steam, the engineer knows of the existence of danger im- 
mediately. The fusible plug in the shape of A B has fiie part 
C consisting of an alloy of tin^ lead; and bismuth^ which melts 
when the heat of the steam 
is somewhere between 138^ 
and 176° C, i,e., as soon as 
the pressure becomes exces- 
sive. 

Boilers are generally 
fitted with man-hole and 
mud-hole doors. The ma/nr 
hole is generally in the 
top of the boiler, and is 
fastened on with bolts and 
nuts. Its purpose is to 
give ingress to the interior 
of the boiler, so that any ne- 
cessary repairs may be made. The mt£(2-Ao^ (ioor is fitted in the 
bottom to allow of its being easily cleansed from accumulation 
of mud, salt, etc. This particularly applies to marine boilers, 
and boilers in river steamers. The mud-hole door shbidd bo 
fitted on inside, and the heads of the bolts should be inside, 
and the nuts outside. Through inattention to these points 
several accidents have happened. The nuts have become 
loose and the mud-hole door given way, when the whole body 
of water and steam have been driven into the engine-room 
and the men scalded to death. 

166. Clothing of Boiler. — ^Instead of boilers being allowed 
to come in direct contact with the brickwork around them 
they are embedded in some non-conducting substance as wood, 
fine cinders, etc., so that a miniTnum amount of heat may 
escape by conduction from the boilers. For the same reason, 
cylinders are clothed and jacketed, while the top of the 
boilers are frequently covered, t.6., clothed with wood, hair- 
cloth, etc., and painted to prevent radiation. 

167. Copper Boilers. — 4[]lopper boilers are not so efficient 
as iron boilers. At one time they were used to a consider- 
able extent, but it was found that, when leaky, salt acted 
injuriously, and they were soon damaged by sulphurous coal, 
and became weaker the more they were heated; but copper 
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being a better oonductor than iron, the heat more readily 
passes into the water, and consequently there is more economy 
exercised. They are not quite so strong as iron, in the pro- 
portion of 16 to 23, but they do not waste by scaling; and, 
therefore, they retain their original strength for a long time, 
while the iron ones are continually getting weaker and weaker. 
In consequence of its great conductibility and not wasting 
and burning at the joints, copper is used for the furnaces of 
locomotive boilers. 

168. Testing Boilers. — Before a boiler is put to work its 
strength is tested by hydraulic pressure, also after it has been 
repaired. It is thus done : Every orifice is secured or else 
plugged up but one. The boiler is then filled with water, 
and an hydraulic pump attached to the opening left. A 
pressure gauge is attached to the pump and water is 
forced in, until the pressure gauge indicates a pressure three 
or four times that at which it is intended the boiler shall 
work. This will find out any leaks in the boiler, and shoidd 
a part be too weak for the working strength, it is sure to be 
discovered. 

I once saw a primitive way of testing a boiler. The boiler 
was filled by a pipe coming from a pool on a high ridge just 
behind the forge — ^the pipe being properly secured, no water 
could escape from the boiler; then as the pool was about 
150 feet higher than the boiler, the pressure of water from 
the head severely tested its strength. 150 feet would give 
a pressure of 65 lbs. on the square inch. 

169. Water Heater. — ^It is found very advantageous to 
heat the water before it enters the boiler, and if this can be 
effected by the waste steam and gases there is great economy 
and saving in fuel. This figure represents a very good method 
of carrying it into practice.* A A is a flat cast iron pipe 
fiixed in the smoke box ; through this pipe the exhaust steam 
passes along B B a second pipe inside A, heating the water 
lying between the two pipes A and B. The water is also 
heated by the waste heat round A A. The exhaust steam 
afber passing round goes up the blast pipe and funnel E as 
usual is a chamber where the condensed steam water 

* By Messrs. Cambridge, of Bristol See Engineer, Aug. 5, 1870, 
Vol. XXX., page 87. 
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is stopped, and passes through tube D to be returned to 
the boiler by the pump, which forces the water through the 
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tube H into the tank at I, after which it passes through J to 
boiler at K. 

170. Water^S Feed Water Heater is on rather a different 
principle to the above, and is said to produce a good result. 
A pipe brings the waste steam up through a reservoir for the 
heated water. The feed water enters at the upper part of 
the reservoir, being forced in fine spray through a sprinkler, 
BO that a great sui&oe in a small amount of water is presented 
to the steam to absorb its latent heat. At the top of the 
reservoir, above the sprinkler, is a deflector, whidi for a 
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inonidnt keeps the steam in contact with the water-spray 
from the sprinkler before it escapes through the top of the 
reservoir. It might be thought that part of the spray would 
fall down the exhaust passage, but this can scarcely take 
place to any injurious extent, because the force of steam will 
balloon the spray up again until it fiEdls into the reservoir 
considerably heated. IVom the reservoir the water is taken 
in the ordinary manner into the boiler. 

171. The Amount of Water Required for Condensation. — 

The proper temperature at which to keep the condenser is 
as near as possible 100^ F. or 38^ C. At this temperature 
the steam is sufficiently condensed, while the air pump has 
relatively the least quaatity of water to raise; or, with a 
maximum amount of useful condensation, we have a 
minimum amount of water to lift. 

Let us suppose the condenser is to be kept at 100^ R, 
and the temperature of the condensing water is 50^ F., then 
out of every unit of water 100^-50° = 60^ of cold are avail- 
able to condense the steam. 

Watt assumed the total heat in steam to be 1112°F. (latent 
and sensible heat of steam we have called 637°*2C. or 1147°F.); 
therefore there are 1112 units of heat to be overcome, which 
will take 4^? = 22-24 units of water; or it will take 22^ 
more times water than is turned into steam. As a cubic 
inch of water produces a cubic foot of stc^am, it will take 
22^ cubic inches of water to condense one cubic foot of steam. 

Watt allowed 28*9 cubic inches, or about a wine pint, for 
every cubic inch evaporated. 

In this calculatipn we have given the result arrived at by 
Watt. We will now perform the calculation, using degrees 
centigrade, making allowaixoe for the hea/t which, wiU he left 
in Uie condensed steam, and using the more accurate number, 
637^-20. 

Suppose the temperature of the condenser is to be maintained at 
38° C, and the temperature of the condensing water is lO^'C, what 
amount of water wul be required for condensation? 

The total amoimt of heat in a given unit of steam is 637*2 units C. 

The amount imparted to each unit of water is 38 - 10= 28 units C. 

Of the 637*2 units of heat m. each unit of steam, it must give up 
637*2-38=599*2 units. 

the uniti of water required = ^.= 21*4. 
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Or, a cubic loot of steam as it is produced (rery nearly) 
by a cubic inch of water, will require 21*4 cubic inches of 
water to condense it. More is always allowed, because it 
is impossible so to arrange the condenser, that every drop 
of water shall at once consume its allotted amount of heat. 

The temperature of the condenser will always give, an 
idea as to the vacuum. If the temperature of the condenser 
is above 100°F., then more water must be supplied for con- 
densation; if it is below lOO^R, then the cocks must be 
closed a little, as too much water is being used and the air 
pumps will have too much work thrown upon them. "When 
the air pumps are labouring too hard, it is one sign that too 
much condensing water is being used. A thermometer 
therefore inserted in the condenser will show the state of 
the vacuum. Grenerally the engineman trusts to his vacuum 
gauge to tell him the state of Mb condenser. If the vacuum 
gauge is low, too little water is being used, and he must 
xemedy the defect accordingly. 

172. Surface CSondensation. — ^Surface condensation consists 
jh exposing the hot steam to large cold surfaces. Watt tried 
it. A few years ago Hall introduced his surface condensers. 
They did not answer originally on account of occupying so 
much space, adding more parts to the engine, and the pipes 
becoming furred up. They seem now to be coming more 
into use, being fitted in many of our iron-clad vessels, 
sa the "Minotaur," "Lord Warden," "Lord Clyde," "Pallas," 
etc. The "Lord Clyde" haa 13,000 vertical tubes for the 
condensation of steam. Hall's surface condensers consist 
,of an immense number of vertical tubes or pipes placed in a 
large tank. The steam, after being used in the cylinders, 
passes through these pipes. Water surrounds the tubes, 
and is forced through the tank in among the tubes, either 
by pressure from behind or by creating a vacuum in front. 
The cold water enters at the opposite end to the steam, and 
goes out at the end where steam enters; thus the hot steam 
meets the warmer water first and the colder last, by which 
arrangement iih» water is inade to carry off as much heat as 
possible. 

178. Oireulating Pumps.— The introduction of surface 
oondensation has been necessarily followed by new arrange- 
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ments for impelling the cold water among or through tlie 
tubes. To perfect the system circulating pumps are used. 
They are worked by eccentrics on the main shaft, and often 
directly fix)m die piston by rods. Occasionally auxiliary 
engines have been employed with considerable advantage to 
circulate the water for the surface condensers. The water 
is forced through or around the tubes in the majority of 
cases, but is sometimes made to follow the vacuum. 

174. Sninmary on Surface Condensation.* — ^The advan- 
tages of surface condensation are : — 

(1) Freedom from injurious deposits in the boiler. This 
follows from using absolutely pure water, and not water that 
has been used for condensation. There is no necessity to 
scale the boilers or clean out salt. 

(2) The boiler can be used with a higher pressure of steam. 
Scale and incrustations render it almost impossible to stay 
a marine boiler properly. Hence, when these evils are got 
rid of, we may use boilers of improved construction and 
higher pressure steam. 

(3) The foulest water may be used for condensation without 
risking injury to the boilers or engine. 

(4) A more regular supply of feed water can be relied 
upon. Under ordinary circumstances it requires constant 
watchfulness to regulate the feed and the brining. 

(5) The load on the air pump is more regular, so that in 
heavy weather the engineer need not reduce the injection 
water. 

(6) Fuel is saved, as no blowing out is necessary. This 
saving of coal may often amount to from 15 to 25 per cent., 
which is something very considerable on a long voyage. 

(7) Being able to use high pressure steam, the economy 
of increased expansion can be fully realised. 

(8) The boilers do not require cleaning so frequently, so 
labour is saved, and there is less wear and tear. 

(9) When no scale forms on the boiler, the iron plates 
more readily communicate the motion of the heat to the 
water; so fuel is saved from the absorption powers of the 
boiler being unimpaired. 

* From a paper by Mr. J. F. Spencer, read before the Institution 
of Engineers (Scotland), 5th February, 1862. 
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(10) With expansion at half stroke and superheated steam, 
one-half the usual boiler surface is ample, and the boiler 
power may be reduced ono-fifth without any loss of indicated 
power. 

The mechanical disadvantages of surface condensation are 
not insuperable, some existing more in imagination than 
reality. They may be classified imder Qie following 
heads: — 

(1) Additional pumps and machinery are required for 
circulating the condensing water. 

(2) Additional space is required by the surface condenser 
itself and its appendages. 

(3) It has been alleged that, under certain circumstances, 
the constant return of the same water to the boiler creates a 
tendency to corrosion in the boiler. 

(4) The multiplicity of tubes in the surface condenser 
creates complication. 

(5) There being so many tubes and joints in the surface 
condenser, there is a large increased liability to leakage. 

(6) There is an increased first cost in the machinery of 
from 10 to 20 per cent., with an increased cost of repairs 
to additional machinery and condenser. 

(7) A larger amount of condensing water is required for 
surface condensation than for injection condensers. 

176. Morton's or Barclay's Ejector Condenser. — TLo 
principle of the injector is modified to serve the office of a 
condenser. A glance at the figure will in a moment show 
the similarity of the two pieces of mechanism. The exhaust 
steam rushes from the cylinder into the condenser, and is 
met by a current of water which condenses the steam. The 
water rushes into the vacuum at a velocity of more than 40 
feet per second, while that of the exhaust steam is many 
times greater. This force in the ordinary arrangement is lost 
in the condenser, either against its sides or in agitating the 
water, hence heat is developed and power lost. On an 
average this loss, together with that required to work the 
air pumps, is '6 lbs., or a little more than half a pound per 
square inch. Now in the ejector condenser the power in 
ihe rush of steam and water is found to be sufficient to 
carry all the water^ air^ and uncondensed steam into the 




once witlioat tte mtervention of an nir 

The cold ■water pasaeB fixim 
a tank through. A to the 
nozzle a, which is surroundod 
by two more nozzles 6 and e, 
through which pass the ex- 
haust Bteam hy way of B and 
C from the two cylinders. Be- 
yond the three nozzles is & 
gradually widening pijw P, 
which leadfl to the tot well. 
The condensation of steam 
takes place between a and o. 
The action ia as follows : The 
* water enters A at a pressure 
sufB.cient to make it flow with 
a velocity of 43 feet in a 
second, and rushes through a 
J, w^hen D is screwed up ; it is 
then met by steam at h at 
a much higher velocity ; the 
■water condenses the steam, 
but partaking of its impetus, 
both rush on to be joined by 
more steam at c, and again 
receiving mote impetus, while 
all the steam 
both water ai 
steam rush on to the hot well 
by ■way of P. 

Instead of the injection 
water beiog started from a tank 
to give it the necessary velocity, 
it may be set in motion by 
a. small jet of steam. The part aj is oa purpose for this. 
The rod is screwed up, when a jet of steam mingling ■with 
the water carries it forward to meet the exhaust. This jet 
can be shut off after the apparatus is fairly acting. 

It is a remarkable <»rcumstaitce that the ejector in its 
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Operation carries out all the air. This is doubtless on the 
same principle that the Trompe carries the air into a 
chamber to be afterwards used as a blast in smelting 
operations in the Catalan forges in the northern part of 
Spain. 






CHAPTER IX. 
APPENDAGES TO THE BOILER. 

Safefy Valve — Salter's Spring Balance — ^Bourdon's Gauge — ^Vacunm 
Gauge — ^Mercurial Gauge — Glass Water Gauge — ^Vacuum Valye. 

The necessary appendages to a boiler are the safety valve^ 
the gauge, which may be the old fashioned mercurial gauge, 
Salter's spring balance, or Bourdon's gauge; the reverse valve, 
the glass water gauge, or else gauge cocks. 

176. The Safety Valve is a lever of the third kind, the 
fulcrum at one end, the weight at the other, while the power 
is exerted between the two. 

It is a conical valve fitted steam tight on its seat and kept 
down by a weight. The weight is so proportioned that when 
the steam exceeds a certain pressure the valve will lift and 
the steam escape, and so prevent the boiler bursting, by 
keeping the pressure below a fixed maximum. Its area varies 
with different makers, but some engineers follow the rule of 
allowing half an inch of area to each horse-power of the en- 
gine. The weight is fixed by the engine-makers, and no 
increase should be allowed without their express sanction. 
Every boiler, when there are two or more to the same engine, 
must have its own safety valve. Some safety valves are 
kept on their seats by spiral springs. 

177. Salter's Spring Balance is used especially in loco- 
motives to exhibit the pressure of steam. Its principle is a 
steel spring, well tightened, which, according to the pressure 
of steam, extends after the manner of the spring steel yards 
used in public by our rag and bone merchaiits ; or else the 
increased pressure of steam acts against the spring. 

Another adaptation of the spring balance is shown 
by the figure on next page, where A is screwed into 
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the boiler, or into a pipe in free commnnication with the steam, 
so that steam can enter the cylindrical body B ; if we suppose 
the dotted lines at £ form a piston, and that the 
stem A is hollow, with two holes just above the pis- 
ton, the steam will act to force the spring together, 
which the pressure of the spring will notallowuntil 
the resistance is overcome. The greater the force of 
the steam the more will the spring be compressed, 
and the more of the graduated part be shown. Ac t- 
ing on this principle it is evident that, if the gauge 
be properly graduated, the pressure of steam in the 
boiler will be correctly indicated by the scale. 
When used to keep down a safety valve, it acts 
at one end of the arm of the lever of the second 
class, and the steam pressure at the other in one 
arrangement. Thus Salter's spring balance is used 
in a simple manner for a 'pressure gauge; it is also 
used to keep the safety valve on the seat 

178. Bourdon's Gauge. — ^This gauge is pro- 
duced in many shapes — ^we give one of the most 
portable and convenient in the figure on the 
next page. It has a dial plate, as shown in the 
figure. When stop cock V is opened, the steam 
from the boiler enters the belt efg. As the 
pressure increases, the cui*ve of S' (a section of efg) is increased 
and the curvature of the belt diminished, hence point r 
will move a on its centre h to the left, and with it the rack 
c d, which moves the pinion p from right to left, and with it 
the pointer P, which will indicate the number of pounds 
pressure in the boiler on the properly graduated arc. 

The use of gauges, it will be gathered from what precedes, 
is (1) to tell accurately the pressure of steam in boilers 
when water is hotter than 100°O. ; (2) to indicate the 
variation in the pressure of steam from time to time. 
When we consider how much depends upon a know- 
ledge of these facts, the following instance of, to say the 
least, carelessness and thoughtlessness will astonish us : — 
Out of 52 gauges tested for the Royal Agricultural Society, 
upon the occasion of their exhibition being held at Manchester, 
only 9 were correct. If this be a fair average, the deplorable 
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fact comes to light that only 17*3 per cent, of the gauges in 
common use give correct indications of the state of the boileif' 

pressure. 

179. Vacuum Gauge. — ^The same' 
figure will illustrate the vacuum 
gauge and its principle. This gauge" 
ia to show the state of the vacuum' 
in the condenser, so is an append- 
age to the condenser and not to the 
boiler. E is fitted into the con- 
denser. The belt is placed in com- 
munication with the vacuum by 
means of the stop cock V, and will 
therefore act on the opposite prin- 
ciple. As the vacuum increases, 
the belt will be flattened and the 
curvature increased, the end of the 
belt approaching a b, and so moving' 
the index hand in the contrary direc^ 
tion to that, as previously explained, 
when the steam pressure increases 
within the belt. "When the gauge is 
used to show a vacuum the graduation only extends from 1 lb. 
to 15 lbs. The teacher must accustom his pupils to draw 
the figure clearly, pointing out the difierence of action, when 
used as a vacuum gauge and as a steam pressure gauge. 

180. Mercurial Gauges. — ^Mercurial gauges are and have 
been used to show the pressure of steam and the vacuum. 
But as they are very cumbersome, and nearly obsolete, it is 
useless to describe iiiem, but we may say this much — 

(1) The Long Barometer Gauge. — ^The pressure of air 

corresponds to very nearly 30 inches of mercury, which being 
about 15 lbs., 2 inches of mercury indicate 1 lb. pressure. 
A bent tube in the shape of a U, partly filled with mercury, 
was taken, and one end inserted in the boiler; as the 
pressure of steam increased it would drive the mercury 
down one part of the tube and up the other; a graduated 
scale of 2 inches to the lb. showed the pressure of steam in 
the boiler. 

(2) When used as a vacu\mi gauge, the mercury would 
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follow the vacuum and lise up the part of the tube connected 
with the condenser. 

(3) The Short Barometer Gauge was used to show the 

vacuiun. It was of similar construction to the last ; but be- 
tween the legs^ communicating with both, was a reservoir of 
mercury. As the pressure was taken off the reservoir the 
mercury fell down one arm, which was short; for as the 
vacuum between 10 and 15 lbs. only was wanted, the arm 
was made short, and would remain full of mercury till the 
pressure fell to 5 lbs. only; so that when the mercury stood 
10 inches high, we should have a 5 lbs. pressure of air in the 
condenser ; when 8 inches high, 4 lbs, etc. 

The mercurial or barometer gauges are old-fashioned, and 
axe hardly used now or fitted to new engines ; therefore we 
have given no figures, merely a short description of them. 
To these gauges there are scales graduated to every two 
inches ; so that by looking at them the eugineman can tell 
at a glance the condition of his vacuum. If the mercury 
stand at 20 inches, then there is f = 10 lbs. vacuum, or 
15-10 = 5 lbs. pressure of air in the condenser. If the 
mercury stand at 24 inches, there is a vacuum of f = 12 lbs., 
or the pressure of air in the condenser is 15-12 = 3 lbs. 
Another form of vacuum gauge is this ; An iron tube 
is fixed into the condenser and bent upwards. At the 
bottom near the condenser is a cock, to open or close the 
communication with the condenser. Just above the cock is 
a small bowl for holdiog mercury, the tube passing right 
through the bowl, so that the mercury is round the bottom 
of the tube and outside it; the top of the tube is open. 
Now a glass tube open at the bottom and closed at the top, 
a little larger in the internal diameter than the outside 
diameter of the iron tube, is taken and placed right over 
the iron tube, the open end coming down into the mercury. 
When the communication with the condenser is opened, 
there beiog a vacuum within the iron tube, the pressure of 
the air on the outside pressing on the mercury will cause it 
to ascend between the two tubes ; and, of course, the higher 
it rises the better the vacuum. It will ascend two inches 
for every poimd. It is graduated, and a scale placed by its 
side ; but as the mercury will sink in the bowl, a pointer or 
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piece of wire is attached to the scale, the end of which 
bringing the scale lower with it, must be placed aa a, level 
with the merciuy before the Btate of the vacuum is read ot£. 
Unless this precaution is taken, the reading is liable to 
error. 

181. Glass Water flange.— The best contrivance to ascei^ 
taia the height of the water in the boilers is the glass water 
gauge ; whereby, at a glance, the engineer can see the height 
<^ the water in the boiler. Gauge cocks are also used ; they 
consist of three ordinaiy cocks — the lower one placed below 
the level rf the water, and from which water should always 
flow when it is turned ; the middle on a level with the water, 
from which steam and water should issue; and the third above 
the level of the water, &om which steam should always issue 
when turned. To bring the gauge cocks within reach of the 
enginenmn, they are placed low down or in a line, and tubes 
lead up in^e ttie boiler to the required heights, and to a 
part of the boiler where the ebnUition 
is least. 

The figure simply shows the princd- 
pie of the glass water gauge, which is 
j~ often carried out by an elaborate sys- 

tem of cocks to prevent the gauge from 
-I --^ ■- — choking, and to clean it out. B is the 
boiler and w h the water line, G G the 
glass gauge in communication with the 
boiler at a and b. It is seen that the 
height of the water in the gauge will 
show the level of the water in the boil- 
er, and whether it be necessary to con- 
tinue or discontinue the feed water. 
■ There are frequently cooks at the two 
H UM wATBK OAUOE. ends G- and G, also at o and c, to clean 
out the gauge. 
162. Th« Bererse Valve. — Vacuum valve, internal sqfety 
valve, or atmoepheric valve — for it has all these names — ia 
to prevent the boiler from collapsing through the CKtemal pres- 
sure of air. When a boiler 1ms been in use, we will suppose 
the engine stops, and that the stop valve, safety valve, etc., 
are closed, liien, as the water cools down and steam con> 
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denses, a vacuum will exist in the boiler; and if means 
are not taken to prevent the external pressure of 15 lbs. on 

the square inch from taking effect, 
danger will ensue to it. A B 
shows the general appearance of 
the valve, S leads to the boiler. 
The air pressing upwards in the 
direction of the arrows will lift 
up the valve V and open it, when 
the internal pressure is at a 
certain stage below that of the 
atmosphere; then passing into the 
B boiler through S, will restore 
equilibrium, or, at least, partial 
equilibrium. It is generally made 
of such weight that it will lift with an external pressure 
of 5 lbs. l^e pressure in the boiler can get below that of 
the atmosphere when iiie supply of steam is insufficient for 
the engines (if there be a good vacuum), or if a sea were 
to break over a ship and suddenly condense the steam in the 
boiler. 
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EXEECISES CHIEFLY FROM EXAMINATION PAPERS. 

1. Describe a cylindqical boiler with internal flues. State the 
advantages of this mode of construction. Which is the weakest 
part of me boiler, and how is it strengthened ? Sketch the boiler in 
transverse action with the flues, showing the probable level of the 
water (1871). 

2. Describe with a sketch the tubular marine boiler. Explain the 
necessity for a reverse or atmospheric valve. Point out tne use of 
the stop valve in the steam pipe. How is this valve opened and 
shut (1871) ? 

3. What is surface condensation as appHed to marine engines? 
One of the tubes used is of copper g inch outside diameter, *05 inch 
thick, 5 feet 10 inches long ; nnd ite weight, a cubic foot of copper 
weighing 550 lbs. What pumps are required when surface con- 
densers are used (1871) ? Ana. 2 '012 lbs. 

4. Describe the communication valve, and explain its use? If 
working with 3 boilers instead of 4, what would be the eflect of 
opening all the communication valves (1865)? 

Ans, The steam would pass to the disused boiler, and boil the 
water, so that a large amount of fuel would be wasted. 

5. In the old-fashioned waggon boiler a vertical open tube, called 
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• 
a stand pipe, passed through the shell of the boiler, and dipi^ed 
below the surface of the water inside. If the steam pressure inside 
the boiler were 4 lbs. per square inch, at what height would the 
water stand in the pipe (1870) ? j^^g^ q.q^ f^et. 

6. A cylindrical boiler with flat ends is 30 feet long, 6 feet in 
diameter, and has two internal flues, each 2^ feet in diameter, the 
pressure of the steam in the boiler is 40 lbs. on the inch, what is 
the whole pressure on the internal surface in tons? How is the 
strength of a cylindricsJ boiler related to its diameter, the material 
being unchanged (1870) ? Ans, 2596*95 tons. 

7. Describe and explain some form of vacuum gauge, which would 
enable you to ascertam the pressure in the interior of the condenser 
of a steam engine (1870). 

8. Describe with a sketch the glass gaug^e for showing the height 
of the water in a boiler. Point out the position and use of the tl]^e 
stop cocks. For what purpose are gauge cocks fitted to a boiler 
(1871)? 

9. State the principal parts of a marine boiler connected with the 
generation of heat. Show the advantage of small tubes over large 
ones in giving a greater amount of heating surface (1865). 

., See question 13. 

10. Uive a description of the reverse valve. If kept in its place 
by a weight of brass, what must be its thickness that it may be 
opened when the pressure of steam within the boiler is IJ lbs. below 
the atmosphere ? The weight of a cubic foot of brass is 525 Iba. 

(1871). 

Ans, Area x If lbs. =area x height x ^^^ . *. A=5*76 inches. 

11. Describe a condenser gauge of an engine. The mean pres9ure 
on a piston being 12 lbs. above the atmosphere, and the mean vacuum 

Sressure 13 lbs., what is the force exerted on a piston of 58 inches 
iameter? and what would have been the force had the engine 
worked without condensation of steam (1867)? The pressures are 25 
and 12 lbs. Ans, 6605214 lbs. ; 317050272 lbs. 

12. Name and give a short account of the gear connected witii 
marine boilers requiring the attention of the encmeer (1863). 

13. A circular tube is replaced by four circmar tubes of the same 
total volume, show that the heating surface is thereby doubled 
(1863). 

Let x= diameter of large tube. 

y= „ small „ 

sc' X '7854= area of large tube. 

^ ^ * =area of small one. 

4 



»9 99 



Also y« X -7854= 

.% y«x-7854= ^*^'^^^ 

4 
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Hcatijig surface of large tube = a; x 3*1416x2. 

„ =2yx 3-1416 x«. 

,, ,, small tube=y x 3*1416 x/. 

„ „ 4 „ =4^^ X 31416 x/. 

, Heating surface of large tube __ 2y x 3*1416 x ^ _ i 

Heating surf ace of small tube 4^ x 3*1416 xi 

. *. Heating surface is doubled. 

14. The bottom of a steam boiler is 18 feet below the level of tbe 
sea; find the requisite steam pressure to force the water of the boiler 
through the blow out pipe (1863). Am. 22*941 lbs. 

15. What is meant by priming ? Would you recommend in such 
a case that the safety valves shomd be kept open (1864) ? 

Ana. No ; because the pressure being taken off the water, it will 
boil more furiously, and more spray will be thrown about 
the boiler, and therefore it is likely to increase the priming. 

16. Describe the barometer gauge in common use. Why is the 
Btop cock closed before blowing through (1864) ? 

17. Describe the steam gauge used m marine boilers (1865). 

18. What are the advantages and disadvantages of tubular boilers? 
and what are the peculiarities of marine boilers when contrasted with 
land boilers (1866) ? 

19. What is meant by the grate surface of a boiler ? If 1 square 
foot be allowed for each horse power, how much will be neoessaiy 
for boilers to supply a pair of cylinders, each of 73 inches diameter, 
the piston movmg at the rate of 240 feet a minute (1866)? Find 
nommal horse-power. Ana. 426*32. 

20. There are 2400 tubes in a set of marine boilers, their external 
diameter being 3 inches, thickness of metal J of an inch, and length 
6 feet ; find the amount of power developed, 16 square feet bemg 
equivalent to one horse-power (1866). Ana. 589*05 horse-power. 

21. If the reverse valve of a boiler be a solid brass cylinder 5 mches 
long, what will be the pressure to collapse a boiler, when it is on the 
point of acting, the weight of a cubic foot of brass being 525 lbs. 
(1866)? ^rw. 1*5 lbs. 

22. What is the usual boiler used for marine engines ? Describe 
it. Why is the arrangement peculiarly useful for marine purposes 
(1867)? 

23. Describe the barometer gauge in common use (1867). 

24. Give a description of the apparatus by which a boiler is pre- 
vented from bursting and collapsing. How is the pressure of the 
steam in the boiler ascertained? Can the same dependence be placed 
on an old gauge as on a new one (1865)? 

25. Describe the safety valve of a locomotive boiler. Explain 
Bourdon's gauge for ascertaining the exact pressure of the steam in a 
boiler (1869). 

26. Describe with a sketch the marine tubular boiler. What is 
the object of a reverse valve, and how is it fitted ? How is a veeBol 
protected from the heat of the funnel (1866)? 
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27. Describe the form of boiler first used, and how did it differ 
from modem boilers ? 

28. What precautions should be taken to prevent boiler flues from 
collapsing? Give an idea of the ptressure they have to sustain, and 
how shomd their thickness vary with their diameter ? 

29. State the characteristics of the Field boiler and Galloway's 
tubes. 

90. Describe a vertical boiler, and distinguish between a Cornish 
and Lancashire boiler. Give a section through any boiler with which 
you are familiar. 

31. What provision is made for heating the feed water of a boiler? 
Why should the water be supplied as warm as possible ? Give any 
plan that has been adopted for neating the feed water. 

32. What are the advantages and disadvantages of surface con- 
densation? 

33. Describe Morton's Ejector Condenser. 



CHAPTER X. 
SALT m MARINE BOILEBS. 

Sea Water— Specific Gravity— Boiling Point— Blowing Out — Scale--* 
Salinometer — Hydrometer — Pruning — Feed Pmnps — Giffard*i 
Injector. 

183. Pure Water Should be UsecL— Boilers, both land 

and marine, are liable to become internally incrusted. If 
these incrostations are not carefully removed or guarded 
against great injury will ensue. All water contains solid 
substances, whether it be lime, flint, salt, or sulphur, all of 
which will either do, or be the means of causing, damage. 
Marine boilers are generally fed with salt water. Hence 
it is necessary to explain fully the constituents of sea water, 
and how their evil effects may be guarded against. 

The deposits and incrustations which are the source of so 
much dai^r, are not likely to be retained as necessary evils. 
If surface condensation, which, as we have already said, has 
been introduced into some of our iron-clad vessels, be suc- 
cessful, the condensed water, being free from all such matters, 
will form no deposits. If the steam could be rapidly and 
effectaaUj condensed without mixing it with imp^ iater, 
it would itself supply almost enough water for feed, and that 
of the purest quality. All the evils of deposits, incrusta- 
tions, priming from impure water, and much of the wear 
and tear of boilers, would be in majiy cases entirely and others 
greatly prevented. The consumption of fuel would be less 
than at present, and the air pump would be considerably 
reduced in size, and therefore less power would be required 
to work it, although of course we should have the circulat- 
ing pumps instead, but still upon the whole there would be 

a gaiiL As the condensed steam would contain no air, the 

L 
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function of the air pump would be exclusively confined to 
the removal of the condensed steam. 

184. Sea Water is both salt and bitter. Everywhere the 
sea holds in solution a large quantity of solid substances, 
chiefly common salt or chloride of sodium. The amount of 
salt is not constant in all seas, nor even in the same sea, nor 
at all depths, varying according id the amount of evapora- 
tion (i.e., the heat of the climate) and the quantity of river 
water running into the sea. The Ked Sea is Salter than the 
Mediterranean, the Mediterranean than the Atlantic, the 
Atlantic than the Pacific. The water of the northern 
hemisphere is not so salt as that of the southern. The 
position of maximum saltness in the ocean is about 22° N« 
latitude and 17° S. latitude, and the belt of ocean lying 
between. We may incidentally mention that this is the 
region of greatest evaporation, and that therefore the saltness 
of the ocean follows from that circumstance. The Polar seas, 
Baltic, and White seas, contain very little salt. Ice is free 
from it, because water in the act of freezing parts with all its 
impurities. Out of every 1000 parts 34*4, or about -^^ of the 
whole consists of solid matter ; out of the 34 parts nearly 24 
are common salt. We may put it thus : out of 30 gallons of 
sea water, 1 gallon consists of solid matter, and of this solid 
matter |^ or -J^ is pure salt ; 24 parts out of 34*4 are pure 
salt, 4 parts chloride of magnesium, 4 parts sulphate of 
soda; 1 part in 1000 is carbonate of lime (chalk), and 1 
part in 4000 silica (flint). 

ANALYSIS OF SEA WATER. 

Chloride of Sodium, 24* 

Chloride of Magnesium, ;. 4* 

Sulphate of So<&^ 4* 

Carbonate of lime, '34 

SiUca, -086 

Other substances,* ,... 2* 

34-426 



• Bromine, Iodine, Boron, Silver, Copper, Iron, Potassium, etc. 
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Professor Forchammer* gives the following as his analysis 
of sea water : — 

Chlorine, 19* parts. 

Sulphuric Acid, 2*26 ,, 

Lime, '66 ,, 

Magnesia, 2*10 

All Salts, 3404 



it 

it 



Total parts, 58-32 

Carbonic acid gas is ever present in sea water, and its 
quantity increases with the depth. There is also a trace of 
ammonia with atmospheric air to sustain life in the propor- 
tion of from ^ to ^ of its bulk. These facts, especially 
that relating to the different quantity of salt in different 
seas, go to explain the reason why the extent of the " brin- 
ing" varies in different seas. 

185. The Specific Gravity of sea water differs with every 
sea. In the North Atlantic Ocean it is about 1*02664, 
while in the South Atlantic it is greater, 1*02672. The 
TTidia.n Ocean has a specific gravity of 1*0263 ; the Red Sea, 
1*0286; the Mediterranean, 1*0289. 

186. Boiling Point of Sea Water. — ^In consequence of some 
of the above solid substances beins: chemically combined and 
the others mecha^cally suspend^ in sea. ^ter, especially 
because of the latter, and its specific gravity bemg greater, 
it takes considerably more heat to boil it than to boil fresh, 
spring, or river water, and of course as ebullition continues 
and the steam is used the water will get Salter and Salter ; no 
salt can possibly pass away with the steam, and therefore the 
amount of heat required to <K>nvert the water into steam will 
have to be increased in proportion to the density of the 
water, while the water itself will become saturated with salt, 
or it will be incapable of holding more salt, which will be 
precipitated, and form a crust on the boiler, separating the 
iron boiler plates from the water, so that the boiler plates can 
actually become red hot and danger is imminent, for the 
plates being softened they are liable to collapse. 

187. Boiling Point of Salt Water. — Salt water contain- 
ing 1^ part of salt (it has been usual in all works on steam 

* See Ansted's Physical Geography, p. 141. 
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to say ■^), will boil at a temperature of 100° f C. ; if the 
3;>roportion of salt be doubled, or -^^ it will boil at a tempera- 
ture of 101° i C, if ^^ or -^ the boiliug point will rise re- 
spectively to 102° C. and 102° f C. ; when there are ^ of salt 
in the water the boiling point rises to 107° -J^C. ^ is the 
point of saturation, when the water is so full of salt that it 
will hold no more, and it is therefore rapidly precipitated. 
It will assist the memory perhaps to state that in each gallon 
of sea water there is more than four ounces of salt, and if 
two gallons be boiled down to one, it will contain double that 
amount, or more than eight ounces. 

188. Blowing Out or Brining the Boilers. — Generally 

the saltness of water in the boilers must be kept below three 
or four thirtieths. To effect this, and to have them as free 
from salt as is consistent with the economical consumption of 
heat, the practice of " blowing out " is resorted to. For this 
purpose blow out cocks are fitted to the bottoms of all marine 
boilers, from the cocks pipes lead into the sea. Every two 
hours, but generally less, the blow out cocks are opened, and 
the supersalted water violently forced out of the boiler, by 
the pressure of the steam, into the sea. Much heat is lost 
by this blowing out, and many methods have been devised to 
save it. Before showing how this is accomplished, we must 
give other modes of getting rid of the impurities which 
collect in a marine boiler. The brine is sent overboard, 

(1) By Blow Out Cocks (already explained). 

(2) By Brine Pumps. 

(3) By Surface Blow Out and Scum Cocks. 

189. (2) By Brine Pumps. — ^To many engines are fitted 
brine pumps, and at every revolution of the engine a small 
portion of brine is extracted from the boiler. The size of the 
brine pumps must be such that the quantity of water drawn 
off added to that evaporated must be equal to the quantity 
introduced by the feed pump. K the water ejected from the 
boiler is to contain ^ of salt, or three times as much as the 
feed water, then, if the feed pump supply n gallons in a given 
time, the brine pumps must extract J gallons in the same 
time. The rule is, blow out from ^ to ^ the amount of 
feed water. 
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190. (3) Surface Blow Out and Scum Cocks.— The foreign 

Bubstances in a boiler are always buoyed up to the surface, 
where they not alone prevent ebullition, but the formation 
of steam. The steam rises from and aroimd them, and they 
remain at the surface for some time, when they gradually 
descend and form a scale upon the tubes and flues. It is 
therefore found quite as advantageous to blow out from the 
surface as from the bottom of the water. It is done by 
means of scum COCks, which are inserted on a level with the 
water, and are kept constantly about one-eighth open the 
whole of the time, so that as fast as dirty scum and other 
impurities rise to the surface they are expelled. 

191. Lamb's Surface Blow Out Apparatus is a very efficient 
contrivance for effecting the same object. A float in con- 
nection with the bottom of the discharge pipe regulates the 
feed and discharge water. The apparatus ejects the scum 
and dirt at once; but in some boilers sediment collectors are 
employed, one, in shape and size somewhat resembling a sugar 
loaf, is placed in each boiler with the small end or apex 
downwarids, it is connected to a pipe leading into the 
sea to carry the sediment away. The top or base of the cone 
stands out of the water, and the impurities enter through 
longitudinal tapering slits being ballooned into the cone, 
where the water is comparatively still, by the steam as it 
rises to the surface. The object of all this is to save heat. 

192. Scale. — ^Whatever care and precaution are adopted, 
scale can hardly be prevented from forming on the boiler 
plates. A careful and attentive engineer can always reduce 
it to a minimum. When scale is formed on the boiler plates, 
it prevents the passage of heat into the water, for salt, 
gypsum, lime, etc., are exceedingly bad conductors of heat, 
and will not allow its motion to pass to the water, and 
therefore a waste of fuel must arise. When water is satur- 
ated with salt, etc., through negligence or otherwise, it 
becomes heavier, and therefore takes more heat to boil it, 
which is another waste of fuel; again, the scale is occasion- 
ally so hard and solid that the plates become red hot, and 
are liable to be burnt as well as to give way from internal 
pressure. Ammonic chloride and other chemical substances 
are sometimes put into marine boilers to prevent scale, but 
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the utmost they do is to precipitate the foreign ingredients as 
powder, which must still be removed by blowing out. The 
more of these substances there are in the water, the more 
work the heat has to do to lift them, and therefore the more 
heat is required for ebullition, which is waste of motion and 
power. 

A practical engineer, who has examined thousands of 
boilers, says ! " Much mischief is often done by the injudi- 
cious use of compositions in the boiler which are designed to 
prevent incrustations, especiaUy where there is no blow off 
cock or where its use is neglected. A hard deposit on the 
boHer plates is, in the writer's opinion, not so injurious as 
the soft and muddy deposit produced by the use of such 
compositions. A hard scale ... is sufficiently mischievous, 
but the injury to the plates is much more rapid when a 
thicker but spongy deposit entirely prevents conta^^t of the 
water, and impedes the transmission of the heat. The money 
spent in boiler compositions would be better applied in 
securing a supply of proper water, or in filtering and purify* 
ing the water before it enters the boiler. More attention 
to the purity of feed water would nearly always effect 
economy, and would be far cheaper than using chemical or 
other ingredients to neutralize the impurity after it is in the 
boiler. In many cases simply filtering the water in some 
ready way has produced very great improvement."* 

A simple illustration of the formation of scale may be 
seen by examining the tea-kettle, where a scale (lime or 
chalk chiefiy) is left on the sides and bottom of the kettle, 
because ste^ formed fH.m impure water is perfectly purej 
it can carry nothing away with it. We may also consider 
the boiler as, or compare it to, a great salt-pan. Just as in 
Cheshire and Worcestershire salt is made by the simple 
process of evaporating water in large pans, so does salt, etc., 
collect in marine boilers; but there is this difference, the 
scale formed on boilers is not soluble in water, while salt is. 
Here, of course, we draw a distinction between salt and 
sccUe. 

An effective and expeditious, but not very good plau, 
to scale boilers is to throw in a few wood shavings 
* From Marten's Steam Boiler Mx^losUma, 
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all along the bottom, and set them on fire. They quickly 
heat the scale, which expands more than the shdl of the 
boiler; the heat cannot reach the latter, so the scale is 
loosened from the plates. Precisely the same process is gone 
through, with a different result, when a glass tumbler is 
cracked by pouring hot water into it. The heat in the water 
suddenly expands the inside of the glass, which becomes too 
large for the outside, and so the glass is broken. Any scale 
that remains after this must be taken off with a hammer and 
chisel. This hard incrustation is formed in layers, and of 
course chiefly consists of carbonate and sulphate of lime, 
gypsum and chalk, with common salt. We have by us 
pieces of scale looking like pieces of iron; in their cross 
section they have the appearance of very thin alternate bands 
of iron and hard crystalline rock, while other pieces are jpfare 
salt. On this point Mr. Marten says : " The practice, espe* 
cially in certain districts, of emptying the boilers immediately 
the engines are stopped, and before the flues have cooled, in 
order to loosen the scale by overheating the plates, has 
caused much more mischief than those who persist in doing 
it will believe, and has nearly ruined some otherwise good 
boilers." 

193. Salt and the Boiling Point — ^There are several 
methods of ascertaining the amount of saturation of the 
water in a marine boiler : — 

(1) By the Thermometer. 
„ Hydrometer. 
„ Salinometer. 

From what has been said it will be gathered that the boil' 
ing point of water depends upon the quantity of salt in it, its 
specific gravity, and the pressure of the air. The strength 
of a solution of salt and water has always a fixed and well< 
ascertained relation to the boiling point and specific gravityi 

For water with 

^ or !•* of saltness in it boik at lOO'jO. 

lorjo. 

102" Ci • 



A or 2° 
Tj^or S*' 
A or A.^ 
iftror fi* 
^ or W 
H or 12** 



102'§C. 
103"^ C. 
106''| C. 
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And also as fresh water wlien the barometer stands at 

27 inches boils at a temperature of 97** '20. 

28 „ „ „ 98^-10. 

29 „ „ „ 99«1C. 

30 „ „ „ IW C. 

31 .. ,. „ 100'-8O. 



we see at once the truth of what was previously said, that 
the boiling point of water depends upon its weight or specific 
gravity and the pressure of the air. 

K, then, water be taken from the boiler, and boiled in the 
engine room under the ordinary barometric pressure of the 
air, and it is found by using the thermometer that its tem- 
perature at the boiling point is 103°|^C., we must at once con- 
clude that there are 5 degrees of saltness in the water, and that 
precipitation of impurities is commencing, and blowing out 
must be resorted to at once. But if by iJie same process it 
is ascertained that the water boils at 101°^ C. (in the engine 
room), it is known that the boiler is comparatively safe aixd in 
good working condition. Salt does not really deposit till ^ 
194. The Hydrometer tells us the amount of salt in water 
by showing its specific gravity. The figure in the margin 
jy _ represents one. B is a hollow ball of brass or 

other metal, from which rises a stem C D, 
graduated; A is a second globe filled with 
mercury to make the whole swim uprightly 
in the water. A acts in precisely the same 
manner as the lead on a fishing line. The 
lead keeps the float upright, so does A the 
hydrometer. The stem C D is graduated that 
we may read off how far the stem sinks in the 
water. The greater the specific gravity of the 
water, or the more salt there is in it, the less it 
will sink, so the density is thus made a test to 
exhibit the amoimt of salt. We read off (not 
the density, but) the saltness of the water, 
fiTDBOMETEB. Each hydrometer is graduated to a particular 
scale, generally 55°; i,e., when placed in distilled water at a 
temperature of 55*^ the hydrometer sinks to the point marked 
55°. This is much too low, for when water is taken from 
the boiler the experimentalist has to wait a considerable time 
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for the vater to cool down before lie can test it. 90" C. 
-would be a far better temperatiire to select. We now see 
the utility of the E^iecific gravities of sea water given on page 
163, and that the hydromet^ is an imperfect instmnLent 
without the barometer; eo useless is the one without the 
other, that we frequently see attempts made to combine the 
two, as in the aaUnometer. 

196. Salinometer. — The salinometer c 
has been presented in several shapes. ^| 
In <aie it oonsiBte of a thermometer and 
hydrometer combined in a copper vessel, 
in another, Seaward'a salinometer, of two 
pith balls. Mr. Seaward affixes a glass 
tube fourteen inches long, in a similar 
manner and in a corresponding place to 
the glaes water gauge, so that ^>^ien at- D 
tached to the tMiler the water rises up I 
&om the bottom of the boiler through | 
the lower cock, and remains in the glai 
tube at the same level as the water i 
the boiler. The taps are then closed and , 
the upper one opened, and two small balls ^ 
of glaia or metal are dropped mto t' 
water. The specific gravity of the fii 
ball is sach that it will sink when there 
are five degrees of saltnesa in the water 
and swim when more, the other ball will 
sink when there are leas than three degrees 
of saltnesa, but swim when four or more. 
By this method the state of the boiler ii 
soon ascertained. 

Hov/a Manometer consists of a cylindrical vessel, A G, con- 
nected with the steam boiler by the pipe B ; the connection 
on the boiler being below the surface of the water. The 

auantity of water admitted to the salinometer is regulated by 
Ite cock C in pipe B. The salinometer is most usually fixed in 
the engine room, so as to be in constant view of the engineer, 
bat it can be fixed in any other convenient place. A t}ier> 
mometer D is placed in the cylinder A Q of the instrument, 
to show the tempeiuture of the water. A hydrometer E 
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floats in the water, at a height corresponding to the density 
or saltness which it indicates, and is protected by the metal 
guard H. An overflow pipe F takes away the surplus water, 
and prevents it running over the top. I is a cock for empty- 
ing the instrument through the pipe F. It should, of course, 
be emptied as often as the water is tested. 

196. Priming. — ^When the steam comes from the boiler 
mixed with water, in the shape of spray or froth, it is said to 
be' primed. Priming exists under most diverse circumstances; 
its cause cannot at all times be clearly traced. 

197. Causes and Danger of Priming. — Priming takes 

place more in new than in old boilers; when there is but little 
water in the boiler; when the spaces between the tubes and 
flues are contracted; when there is fierce ebullition, this cause 
may be said to accompany all priming; in passing from fresh 
water to salt or salt to fresh; when the water used is muddy, 
dirty, or slimy ; when there is too smaU a steam chest ; when 
a safety valve, being situated near the steam pipe, is suddenly 
opened. The danger arising from priming is veiy great, and 
should therefore be most anxiously guarded against. We 
shall see its danger and injurious eflect, if we but con- 
sider that when it gets into the cylinder, and there accumu- 
lates as incompressible water, something must give way 
should the test cocks and escape valves act improperly. 
Priming impairs the vacuum ; in consequence of this, more 
water will have . to be used for condensation, which will 
throw a greater load upon the air pump, and more feed water 
will also be required. 

198. Remedy for Priming. — ^As priming is generally ac- 
companied with great ebullition, obviously the most effectual 
remedy will be to enlarge the steam chest. It is found that 
boilers with plenty of water surface, or with a large steam 
chest, seldom or never prime. Cornish boilers with their 
large water surface give no trouble by priming. A remedy 
much practised with locomotive boilers, is to open a safety 
valve remote from, the steam chest and pipe. Other temporary 
remedies are : to partly shut the throttle valve; to work the 
steam at a high pressure; to open the furnace door, thus 
checking the fierce boiling ; to put down the stop valve so 
that the steam rushes against it^ and the water is knocked out; 
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to inject tallow into the boiler by means of the donkey pump 
or a syringe fitted on purpose, this is the feiYOurite remedy, but 
it is found in some boilers to increase the priming. Another . 
remedy is to fit a steam pipe in the boiler full of small 
holes, and inside this another similar pipe, but to take care 
that the perforations of one pipe are not opposite those of the 
other. The steam in entering dashes against the inside pipe, 
and the spray falls out. Any thing that checks furious 
ebullition, or allows the steam plenty of space to rise, checks 
priming. When the steam chest has to be enlai^ged, it is 
better to fit a second on the top of the old one. Priming 
arising from the use of impure water may be obviated by 
liberally blowing off from the surface imtU the nuisance is 
abated. 

A very good plan to prevent priming is one adopted in the 
engines constructed by Charles Powis & Co. Their aiTsnge- 
ment is to fit the stop valve, opening to boiler, with a disc 
plate, arranged with orifices on its upper side so that dry 
steam only can find its 
way through the stop 
valve. A C is a section 
of the disc plate fitted 
inside the boiler ; W L 
is the water line, and 
B B the top of the boiler, 
BO that all steam passing 
to the stop valve, which 
is situated just above 
S^ V, must pajBs in the 
direction of the arrows, 
through the small per- '" 
forations into which the 

top arrows are entering. The water will be thrown and 
knocked out of the steam before it can pass to the stop valve. 

Boilers sometimes prime when the ship passes from salt 
to fresh water or fresh water to salt. It has been suggested 
that in passing from salt to fresh water the cause is this : 
fresh water being lighter than salt, is upon its admission to 
the boiler more easily thrown about by the ebullition, and 
therefore more spray is %ing ; but as the same boiler will 
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also prime in passing from fresh to salt water, this reason 
evidently will not hold ; we have yet to seek the true cause. 
May not the change of water cause a serious change in the 
existing condition of the boiler, and this change being accom- 
panied by a general disturbance of the equilibrium of the 
water, much more spray is thrown off than usual, and prim- 
ing follows.* When new boilers have primed, a good plan 
adopted, is to run into harbour and blow out the boiler 
several times in succession. This has often effectually pre 
vented priming. 

199. Fire Grate SnrfacOy Heating Surface, Amount of 
Coal to Evaporate One Cubic Foot of Water. — In the 

majority of marine boilers, it is usual now to allow three- 
quarters of a square foot of fire grate surface, and about 
nineteen square feet of heating surface, to each horse-power, 
but some take these numbers at half a square foot and twelve 
square feet. It is also calculated that six pounds of coals 
should be consumed every hour for each horse-power of the 
engine ; these proportions of fire grate, heating surface, and 
consumption of coal, evaporate one cubic foot of water per 
hour. Locomotive boilers are constructed with a much 
smaller amount of fire grate surface ; to compensate for this, 
the waste steam pipe is introduced into the funnel, which 
causes a most intense heat in the furnace, and it is found, 
the more intense the heat, or the hotter the heating surfaces 
and the water are, the more heat will pass into the 
water. They consume one hundred weight of coke per 
hour on each square foot of grate surface, the proportion of 
heating surface to this is eighty square feet; on every five or 
six square feet of heating surface one cubic foot of water is 
evaporated per hour. Each horse-power requires a cubic 
foot of evaporated water per hour, but in high pressure work 
more. The quantity of water may be generally taken as one 
cubic foot per horse-power per hour, but it is in excess for 
such engines as those in which advantage is taken of the 
expansive force of steam. In Cornish boilers, where an 
enormous duty is obtained for each engine, not more than 
three and a half or four pounds of coal is burnt on each 

^ See Causes of Boiler Explosions— Spheroidal Condition of Water, 
and Water Purged from Air. 
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square foot of grate surface per hour. As well as a boiler 
Itaving a due proportion of grate and heating surface to pro- 
duce the necessary volume of steam, the furnace must be 
sufficiently roomy to consume all the products of combustion; 
the tube or flue surface, etc., must be adapted to abstract as 
large an amount of heat as possible, without too much passing 
away as waste, while at the same time the water spaces in 
the boiler and the distances between the tubes must be large 
enough to allow the steam freely to rise, or else priming may 
take place. Again, the furnaces should never be too long, for 
the stokers will find a difficulty in keeping the bars free from 
clinkers, the clinkers as well as the fire not being fairly 
within reach. 

200. Feed Pumps. — ^The feed is supplied to the boUers in 
one of the following ways ; (1) By boiler hand pumps; ^2) 
by the donkey engine ; (3) by the feed pimip proper ^ or (4) 
by Giffard's injector. 

(1) The boiler hand pumps are fitted to marine boilers, so 
that when there is no steam up men may fill the boiler by 
hand, providing it is not sufficiently below the level of the 
sea for sea water to run in freely when the Kingston valve 
is opened. 

(2) The donkey is a small steam pump in the engine- 
room that can be set to work to fill up the boilers when the 
enfidnes are waiting^ for orders. The donkey has always the 
Btlm pistou and pump piston at opposite ends of the some 
rod. 

(3) The feed piunps which have been already explained. 
In stationary en^dnes part of the warm condensing water 

is driven inKe^er I feed; the rest, by far ti.e'greater 
quantity, bemg allowed to run away. But the feed pumps 
should at all times be capable of supplying much more water 
than the boiler in its normal state will use. The capacity 
of the feed pump is generally about -^^th that of the cylinder, 
so that it can supply more than three times as much as is 
required. While the steam pipe should be attached to the 
highest point of the steam chest, the feed pipe should be 
fixed as low down as possible, so that the cold water may 
gradually rise. In most Government vessels the feed and 
donkey pumpsi are made of brasa. 
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SOI. IiDOOinotive feed. — In locomotives the feed pmnps 

f~^-~~.j »r6 maxie of braaa and tte pltmger 

TI of iron or biasa. They are worked 

either from an eye on the back of 

"^iTs trri the eccentric (see %., p. 70, G), or by 

\ TT^ ^ pfJ^ the piBton oroeBh^ad. The passage of 

fl_ ,: 111 the -water from the tank to the boiler 

is governed by three ball valves and 
a cock or valve box close to the boiler. 
The lift of the valves imist never ex- 
ceed ^ or ^ of an inch. There are 
geneiully two pvimps to each engine. 
The water, when directly admitted 
to the boilers, enters about the 
* middle of the bottom, bitt some- 
les a pipe passes it through the 
smoke box first to extract as much 
heat as it can from the heated gases 
before it gains admission to the 
boiler. So also in the marine en- 
gine, the water sometimes enters 
the boiler Irom round the fiinnel. 

SOS. (4) Oifitod's Iiyector.— 
This is a novel contrivance for feed- 
ing boilers, fast superseding all 
other methods of feed; but no con- 
vincing explanation of its action 
has yet been offered. The manu- 
facturers claim for it these advan- 

^1) It is as cheap as a pump and 

its connections; (2) it saves the 
wear and tear of pumps, which in 
locomotives and other high pressure 
engines aie very considerable; (3) 
it saves the power required to work 
the pumps; (4) the water enters the 
boiler at a high temperature, so no 
I heat is lost; (6) you can feed a 

fliFFARB's iHJECWDB. boiler without setting the ^igine in 
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'motion, tLus saving donkey pumps; (6) it is free from 
risk of damage or stoppage by frost. 

We will suppose it properly attached to the boiler, it then 
works in the foUowing manner :— 

G I is the injector, N is attached to the boiler. Steam 
can pass into the injector at K. When the handle d is 
moved up, steam rushes through a ^ at i, where it meets the 
water supply coming into the injector at E. The steam 
drives the water throueh n, and beyond the valve «, into 
the boiler. When thert is sUcient water in the boiler, the 
valve 8 is forced, upwards, and no more water can pass it; 
the waste water can then pass through the overflow pipe L. 
The steam to work the injector must be taken from the 
highest part of the boiler, and must not be primed. The 
water driven through it may be taken from a cistern over- 
head, or from a tank in the ground; but the distance from 
the level of the water below to E above must not exceed 
5 feet. Kow it is found that the pressure of steam will 
actually drive the water into the boiler, although it has to 
force it against the pressure of both the stea/m and water in 
the boiler. 

A jet of steam moving with perhaps a velocity of 1700 
feet per second, is instantly condensed in perhaps twelve 
times its weight of water. The combined jet will then 
move, by the momentum imparted to it by the steam, at one- 
thirteenth its former velocity, 131 feet per second — ^the 
motion of the steam being wholly imparted to the water. 
Thus the jet properly directed enters the boiler, and we 
can find an explanation of the action of the injector by 
simply considering that it acts solely by the momentum 
imparted to the water by the jet of steam. 



EXERCISES CHIEFLY FROM EXAMINATION PAPERS. 

1. Why is the hydrometer an imperfect instrument without the 
thermometer (1863)? 

2. What quantity of water at 56° F. would be required to condense 
1500 cubic feet of steam at a pressure of 35 lbs. per square inch above 
the atmosphere, so that the temperature of the whole should be 
100" F. (1866)r 
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Temperature of injection water is raised 100* - 58'= 44* F. =24*10. 

100**^ = STIC, and temperature at 50 lbs. pressure = 282"F. 

Total heat in steam at 282*' F. = 1082 + 305 x 282'= 1168'F. =649'*0. 

Eelative volume at 35 lbs. above the atmosphere, or at 50 lbs., ia 
= 552. 

The relative volume may be taken as the number of cubic feet of 
steam produced from a cubic foot of water. 

. •. Number of feet of water = ^^ = 2-71. 

552 

Tlie steam has to give up 649 - 37J = QlViC 

Since each unit gives up 24°^ C. 

• *. Injection water required = qJt ^^ times the water evaporated. 

,'. Quantity of water required = 2*71 x 25=67*76 cubic feet. 

3. When a boiler is Med with sea- water, it is the practice to test 
the degree of saltness from time to time; why is this? Describe tiie 
apparatus emplo;|^ed, and the method of using it (1871). 

4. Describe Giffard's injector, and give some explanation of its 
action (Honours, 1871). 

5. Describe the feed pmnp and valves necessary for supping the 
boiler of a locomotive; "What is the principle of Gifiard s injector 
(1869)? 

6. The brine pump of a boiler being choked, how is the brine to be 
got rid of, the steam gau^e indicating 4 lbs. and the upper surface of 
the water being 2 feet bdow the levd of the sea (1868) ? 

Ans. There will be nearly 1 lb. pressure per square inch to dear it. 

7. Describe a method of ascertaining the degree of saltness of the 
water in a marine boiler (1870). 

8. How is the degree of saltness of the water in a marine boiler 
ascertained? 

9. Show generally how to determine the amount of fuel lost by 
the process of blowing out in marine boilers (Honours, 1871). See 
questions at the end. 

10. Give an analysis of sea water, and state clearly what is the 
amount of solid matter in it. 

11. How is the boiling point of salt water affected by the amount 
of salt in it? 

12. Describe the manner in which the salt and impurities are 
"blown off" from the surface. 

13. What is How's salinometer ? also state the principle on which 
Seaward's salinometer is constructed. 

14. What are the remedies against prinmur, and what do you mean 
by priming f can you account for it taking place ? 

15. Give the relation between fire-grate surface, heating surface, 
and the evaporative power of the boiler in a marine engine. 



CHAPTER XL 
LAND ENGINES. 

The Beam Engine —Horizontal Enmne— -Vertical En^e — Table 
Engine — ^Portable Engine — ^Ramsbottom's Intermedial Engine — 
Gas En^e — Caloric Engine— Siemen's Begenerative Engine— r 
Fire En^e — Cornish Pmnping Engine. 

203. The Beam Engine has been already fully explained 
in Cliapter IIL It is the most general form of the land 
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engine. We have now to allude to a few of the shapes, 
which for convenience, room, saving of expense, etc., have 
been adopted by various makers. Merely remarking that 
after the descriptions given of the beam engine, and of the 
marine engine generally, there is very little to which to 
direct attention, excepting the difference of arrangement. 

204. Horizontal Engine. — In this, which is one of the 
most convenient and compact form of engine, the general 

M 



armngemeDt is as illustrated m the %ure ^ven Wow, 
although they vaiy in detail with the caprice of the maker. 




A B is ihe cylinder lying horizontally on its side, v is the 
valve to admit tihe steam fi-om the boiler by way of the steam 
pipe S P ; the head of the piston rod ia seen at g, the crosa- 
head of which -tcorks within the guide or guide bars a b, and 
to the crosshead of the piston rod is attached the connecting 
rod g e, which works the crank e r. The main shaft is shown 
at r, darkened, this carries the j?^ wheel F W ; / is tlie band 
working the goremor G by meajis of pulleys, the driver being 
on the Tr m i'"n shaft ; of course the work is t^.V^y t off the tnniT^ 
shaft r. The whole is generally supported on firm masonry 
CD. 

AdTantages of Horizontal Engines. — The advantages 
gained by the use of a horizontal instead of a beam ei^ine 
are : they require no ** steadying stays" or supports, but can be 
bolted to foundations; they very anug[y occupy but little space, 
and give out power as near the ground as is required; they can 
be E^e at considerably less cost, for the working parts are 
fewer, and less metal is required in their construction. The 
bottom parts of horizontal engines are liable to wear more 
than the rest— this la aa objection. The cylinder occasionally 
becomes grooved out by the friction (gravity) of the piston. 
Engineers guard against these defects by proridiug suitable 
beEoings, well balancing the sev^eral parts of the engine, and 
constructing it of the best material and workmanship. 
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SOfli Tflrtioal Engine. — In many positiona vertdcal engines 
are very mucli better fitted to accompliah the wotk required 
than horizontal. They seem especially adapted for cntues, and 
Boch like serrlces. 




VBBTio&L xsams. 

The letterB in both figures oorrespimd. 

C is the (Tflinder, from "which prooeeda fbe piston-rod p. 
Hie head or crosahead, ff, of the piston-rod mores in guides 
g g, the eonneoting rod is go, working the crank c r. The 
shaft is r, -which carries the fly wheel F Wj the motion is 
tabcm trom the end of the shaft at a, or sometimes F W is 
used as a dram, and the work is conveyed by an endless band; 
the gorenior is placed at G, and the manner in which it works 
is Been in the right hand figure. E is the eccentric working the 
sUdee at «; B is the boiler, to which the framing of the 
engine is attached, ibe bdler is gen^sUy a vertioal tubnlar 
one. It is evident from &« oircmnstance of the engine being 
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attached to the boiler, that this dass is not intended to give 
out powerful work. 

Vertical engines are frequently used where space is an 
object, but they have to be rigidly supported to prevent 
vibration. The sHdes of vertical and horizontal engines are 
worked in the usual manner by eccentrics upon the main 
shaft. Horizontal engines have expansion valves very 
frequentiy, which are worked by separate eccentrics; of botii 
kinds of engines the boiler and boiler appendages, such as 
safety valve, commimication valve, pressure gauge, vacuum 
gauge, gauge cocks, and arrangement of the fireplace, are all 
the same. Vertical engines are generally non-condensing, 
and the escape steam is utilized for the blast. Horizontal 
engines are used both as condensing and non-condensing, 
but generally the former. 

206. Table Engine. — ^Before the introduction of horizontal 
engines, these table engines were very common, but are now 
going out of fashion, chiefly because there is a good deal of 
extra gear connected with them, and they are therefore more 
expensive. The cylinder stands on the top of a lai^e cast- 
iron plate or table, supported frequently by four columns, 
above the cylinder is a high erection or guide for the piston- 
rod to move upwards and downwards vertically, from the 
crosshead of the piston-rod two side rods come down by the 
side of the cylinder "to work the crank which is below the 
cylinder, llie additional parts as compared with plain 
vertical engines, are an extra connecting rod, crosshead, 
crosstree, and two side rods for slide valve, two guides and 
blocks for the same. As an engine it possesses great dura- 
bility, but it has, as previously stated, a large amount of 
extra gearing ; all its parts are well balanced. 

207. Porteble Engine. — ^A portable engine differs in no 
essential particular &om an ordinary horizontal engine, 
excepting that provision has to be made to carry both boiler 
and engine on two pair of wheels. 

C is the cylinder working the piston-rod p, the crosshead 
of which moves in guides or else is kept parallel by guide 
bars; c e is the connecting rod to, work the crank c s, the main 
shaft being 8, to the end of which is attached the drum or 
pulley P W, which also acts as 'a fly wheel ; the slides are 



DlStmcTlVB FEATURES 69 THE PORTABLE EKGINE. 181 

worked in the same manner as in ordinary horizontal or 
other engines by the eccentric; the fireplace is at F P, 
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and beneath it is the ash box ; B B' is the barrel of the 
boiler, which is of the class multitubular; at B' is the 
smoke box and H is the chimney. The boiler in a good 
many points resembles the locomotive ; the waste steam is 
directed from the boiler to the funnel to cr^te a draught, but 
the cylinder is generally on the top of the boiler and not 
under the smoke box; or else the cylinder with the pipes 
connected with it is placed inside the boiler, which certainly 
prevents rain, frost, etc., from condensing the steam in it. 
The shaft with its pulley or drum commimicates the motion 
of the engine, by means of an endless band, to whatever 
machine it has to drive. 

DiBtinctive Features of the Portable Engine. — Be- 
sides the distinctive features which may be seen at a 
glance, it is absolutely necessary that the machine should be 
as light as possible, to enable it to be easily and readily taken 
from place to place; hence no condensation of steam is at- 
tempted, but the waste arising from non-condensation is 
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utilized as much as poedbla in increasiiig the drai^ht. The 
portable mask be plain and economical, bo €bat being naed 
by agricoltoral labourers, etc, it may not be liable to dis- 
anangement, bence all its parts are very simple and light, it 
never being intended for very hard work. These engines are 
also veiy compact and cheap, requiring no expense for brick 
work, setting, etc. They are used for bri<i meldng, tile 
making, pumping, winding, thrashing, crushing, ^^aft* cutting, 
and almtffit every other agricultural purpose. 

The slides are worked by eccentrics, in the usual manner, 
and steadiness is given to its motion by a governor; it seldom 
or never does its work directly, but au endless band is always 
employed. 

308. BAmsbottom'B Istennedial Engina— B D is the 
cylinder. The connecting rod A R and crank C c, as well 
sa the piston P P, are all within the cylinder. 

The piston is long and hollov, the ends P P being con- 
nected together, as sewi in the figure, by a and a', so that the 
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crank actually works vd^n the piston as well as within the 
cylinder. The engine is evidenUy very compact, but is not 
adapted for heavy wiwk. The stroke is very short. The 

shaft is seen at M, while the valves are explained in 
their proper place. The governor is placed on the top B of 
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the cylinder, and ^' much of the straggling mechanism of the 
ordinary form is brought together." " This form of engine 
requires little fixing, and possesses a great range of speed." 

209. Gas Engine. — ^A gas engine is one whoBe motive 
power is obtained by the explosion of a mixture of gas and 
air, either by an electric current, as in Lenoir's gas engine, 
or by external gas burners, as in Hugon's. The cylinder is 
fimushed ^th a piston like an oj^maiy steam engine. It 
has passages on each side— one the inlet, the other the outlet 
passage—each covered by its slide worked by separate eccen- 
trics. The mixture of gas and air, by the explosion of which 
the engine is worked, is admitted by the inlet valve. There 
is a recess in the valve where the gas becomes mised with 
atmospheric air, the latter being introduced through an 
opening in the top of the valve. The proportion of air to 
gas used is as eleven to one. The outlet valve is very much 
like the inlet valve, but the ports through the back of it 
keep the recess in the valve in constant communication with 
the exhaust passage. The eccentric to work this valve is set 
on the crank shaft in such a position that it uncovers each 
port alternately, just before the piston has completed its 
stroke either way, and releases the vapour form^ by the 
products of combustion. There are water spaces round the 
cylinder covers and exhaust valve, to carry off the heat 
generated by explosion. Fom\ing part of t^jie engine, 
there is what is called a distributor, which regulates the 
transmission of the currents of electricity to produce the 
sparks which explode the mixture of air and gas in the 
cylinder. An " igniter," consistiog of a brass plug through 
which a china cylinder passes, having two separate insulated 
copper wires passing through it, is inserted at each end of 
the cylinder. At the end of the porcelain cylinder, within 
the engine, the two wires are brought nearly into contact, so 
that a spark can readily pass between them. The igniters 
are of course connected with the distributor, and' batteries 
are employed for generating the electric current. 

The Action. — ^In starting these engines, it is necessary 
to turn the fly-wheel round quickly two or three times by 
hand, then open the valves, and connect it with the dis- 
tributor, etc. It should be well in motion before connected 
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•with the work it lias to do. Let us suppose tlie engine in 
motion, and the piston just commencing its stroke from the 
crank shaft. The port leading to the end near the crank is 
uncovered by the inlet valve, the piston moves onward, and 
the mixture of air and gas runs in, filling the vacuum, 
behind the piston. Just before the piston reaches the 
middle of its stroke, the inlet valve is closed, and the current 
of electricity" having its circuit completed, produces a spark 
which ignites the explosive compound of gas and air. A little 
before the end of the stroke, the exhaust valve releases the 
enclosed vapour. From indicator diagrams taken by Mr. 
Smith, of the Patent Museum, South Kensington, it has 
been shown that, when running at 110 revolutions per 
minute, the indicated horse power was double the nominal. 

210. Caloric or Hot Air Engine^ or Air Engine.— Al- 
though we place the air engines in this chapter, it must be 
distinctly understood that Captain Ericsson's first attempt 
was to adapt the caloric engine for marine purposes. 

Air Engines are very similar, in all their working 
parts, to the ordinary steam engine, but air expanded by 
heat is the motive power employed, and not steam. In the 
first attempt at a caloric engine, the air was heated to a high 
temperature, and having driven the piston within the cylinder, 
it was allowed to escape into the atmosphere; the great 
question has been how to save this heat, and economise the 
expenditure of fuel. Messrs. Stirling effect an economy of 
heat by using what they term a regenerator or economising 
process. It was discovered by Dr. Stirling that if heat be 
passed through a compartment filled with sieves of wire-gauze, 
or even minutely divided metallic passages, it will leave a 
large amount behind ; this is precisely the plan adopted, the 
hot air, having driven the piston down in the cylinder, passes 
outwards through a chamber of fine wire-gauze, leaving a good 
deal of the heat behind in the sieves and narrow passages; 
other air which has to enter the cylinder next, is made to pass 
inwards through the same, having had added to it a little 
addition of heat, and gathering up heat also from the sieves 
and narrow passages, it effects the return stroke. This being 
repeated over and over again, it is evident that the same heat 
will be continually doing work. 
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In another kind of air engine compressed hot air has been 
used to give the reciprocating motion to the piston. While 
the name of Stirling is associated with the attempt to adopt 
air engines to land purposes, Captain Ericsson has worked to 
make the caloric a marine engine; although as regards the 
primary object of the inventors these engines have proved 
a failure, yet they have met with a certain amoimt of 
success. Small air engines have been extensively used in 
the United States for driving printing presses and other 
light work. 

Motive Power of Air Engines. — ^The motive power 
of such engiaes is found in the circumstance that all bodies 
expand by heat and contract by cold, whether it be a gas, 
liquid, or metal, so therefore if they be subject to two ex- 
tremes of temperature they will develop a certain amount 
of power, the only question is how to utHize it. In a steam 
engine, IJie extreme difference between the temperature of 
the boiler and condenser is not very great ; now air can be 
subjected to greater extremes of temperature than water, and 
therefore is better adapted than water to act as a motive 
power. The practical difficulties have hitherto been so great, 
chiefly to prevent the enormous waste of power, and the high 
temperature to which certsdn parts of the engine are subjected, 
that their employment has been prevented, imless under very 
limited circumstances. 

21L Siemen's Engine^ or Begenerative Engine. — Mr. 

Siemen has invented an engine in which the conversion 
of heat into mechanical effect has been pretty successftdly 
accomplished. He obtains his motive power by alternately 
heating and cooling steam, or by expansion and contrac- 
tion. The regenerative engine is constructed on the same 
principle as the hot air engine explained in the preceding 
paragraphs. By the peculiar construction of the cylinders, 
receivers, etc., the steam takes up heat and gives it out 
as it passes from one cylinder to tiie others, of which there 
are three. Two cylinders, called the working cylinders, 
have plungers, and the other a piston. The steam is heated 
to a lugh temperature in the plunger or working cylinders, 
under each of which there is a ^re. Part of the heat is 
consumed in doiag the mechanical work of lifting the 
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plungers, much of the rest is taken up by the regeneratorB 
as it passes to the third or regenerative cylinder. The 
regenerators have been explained in a previous page. In 
the regenerative cylinder, the steam acts in the ordinary 
way after its temperature has been reduced in the regenera- 
tors. It then returns to the plunger cylinders, where it 
receives additional heat and commences its round again ; so 
that the same steam goes round and round, being continually 
employed. The regenerative or third cylinder conmiunicates 
at one end with one working cylinder, and at the other 
extremity with the second. 

In justice to others, it should be remarked that Siemen's 
engine resembles Stirling's, except that he uses saturated 
steam instead of air in the regenerator. Could the wear and 
tear caused by the heat to the heating vessels and cylinders 
be prevented, these engines would come into extensive use, 
as there is with them a remarkable economy of fuel, as high 
as 50 per cent. 

212. Fire Eng^e.— The^6 engine can be scarcely ranked 
as a distinctive engine. It is simply a steam pump on 
wheels; although, of course, there are several difficulties to 
be overcome in connection with l^em. The two essential 
qualities required are, that the steam shall be got up very 
rapidly, and that they shall be able to throw water to a good 
height. 

Messrs. Merryweather & Sons have made these engines 
quite a success. The arrangements are such that the steam 
is raised in about ten minutes, while travelling to the fire. 
The boilers, with the blast pipe, are of steel, with copper 
tubes and large water spaces.^ They are fitted with the 
necessary safety valves, gauges, and Giffard's injector. The 
valves are arranged to allow foul and gritty water to pass, 
and steam can be conducted to them so tikat they cannot 
freeze by the winter's cold, and if they should become firozen 
they are easily thawed. The engine is direct acting, with- 
out fly wheels, cranks, or dead centres. The Sutherland 
will throw 1000 gallons per minute 200 feet high in a 1^ 
or If inch stream. There is, of course, an air vessel to 
render the stream of water continuous, as in the common 
hand fire engine. 
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818. Cornish Pninping Engine. — ^Had this engine come 
Tinder our notioe in the earlier part of the work, it would 
have required many pages to fully describe it; but the chief 
points have been already illustrated under such headings as 
the Beomh Engim, Single Acting JSngine, Oylvnder, Connect- 
ing Rod amd Grcmky Gonrdah Double Beat or CroTJon Valves 
Cata/ractf Expa/naiony Dutyy etc., to all of which headings 
the student is directed to acquire a full acquaintance 
with this engine. In a preceding page we remarked 
that the main object of early inventors was to produce a 
machine to lift the water from the^ mines of Cornwall and 
Devon, and perhaps it is no exaggeration to say that a large 
proportion of the engines of Boulton and Watt were sent into 
those counties. 

Cornish Pumpvrvg Engiifiea are generally single acting 
beam engines. Three slides are used to regulate the supply 
of steam in the cylinder, viz., steam or expansion, exhaust or 
eduction, and the equilibrium slide. The cylinder always has 
a jacket. The steam is worked at a very early ^' cut off," and 
the greatest advantage is taken of its expansive properties ; 
consequently the engine moves slowly, its stroke being regu- 
lated by the caia/racty although in its earliest form Watt used 
the governor to give it steadiness of motion. A fly wheel is 
not generally employed, the steam being used to effect the down 
stroke of the piston, tiie weight of the pump rods, etc., per- 
forming the up stroke. The action of the steam is this : 
the steam valve admits the steam to the top of the piston, 
and after doing the duty of forcing it down, part of the 
stroke is done expansively ; by means of the equilibrium 
valve, the same steam is allowed to pass to the bottom of 
the piston, and assist in the return stroke, aftier which it 
escapes to the condenser through the exhaust valve. See 
Single Acting Engine, 

ThQ beam is generally an unequal one, although equal 
beams are occasionally employed. It is supported on two 
cast-iron columns, but generally on walls of solid masonry. 
The reason for using an unequal beam is to give the piston 
a longer stroke without increasing the velocity at which the 
pump plunger works, and thus preventing the wear and tear 
of the latter. Again, high pressure steam may be used with 
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a long stroke, without being obliged to strengthen the other 
parts of the engine in proportion to the stroke. 

The slides are not ordinarily worked in the common 
manner by an eccentric, but by tappets on the air pump rod, 
or else on the plug rod. As the Beam goes up carrying the 
air pump rod, a tappet or projection on the rod strikes the 
extremity of a simple lever, lifting it up; the other ex- 
tremity opens the steam and exhaust valves, and closes the 
equilibrium, and in going down it reverses the process. Thus 
the slides are worked. The water is lifted on the down 
stroke of the piston by the extremity of the beam by means 
<^ a pipe pasLig doM^ the mine shVft. It is not elevated 
right up to the top at once, but is driven from the bottom 
by an ordinary single acting valve, consisting of a plunger 
of suitable size, the water being forced into a cistern or tank 
at the first level, and not allowed to return by means of 
valves ; the next stroke forces it up to another and higher 
level, and so on. If possible, they make the water drainage 
of each level run into its own tank. 

To give an idea of their size, the following are the dimen- 
sions of one of the engines erected by Boulton and Watt : — 

Diameter of cylinder, 28 inches. 

Stroke, 8 feet. 

Number of strokes per minute, ... 14 

Diameter of lifting pump, 17i inches. 

Stroke of Hfting pump, 8 feet. 

Water raised, 126^ feet. 

The distmctive features of the Cornish single acting pump- 
ing engines are: the large employment of the principle of 
expansion, by which a very great economy of fuel has been 
realized ; the use of the cataract to ensure a slow stroke, by 
regulating the supply of condensing water; the mode in 
wHch the valves are worked ; the employment of steam for 
the down stroke, and the up stroke being performed by 
the weight of the rods, etc., at the other end of the beam ; 
and a plunger is employed in the pumps, and not a lift or 
bucket. 

The eduction valve allows the steam to escape to the 
condenser, when the down stroke is to be made ; it is opened 
a little before the steam or expansion valve, so that it may 
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have a longer time for condensation, and that the down 
stroke may take place the instant steam is admitted. 

For a general description of this engine we may consider 
the figure of the beam engine, on page 177, as a Cornish 
pumping engine ; but instead of the fly wheel v v, and the 
small geared wheel to the right at the bottom, we must 
imagine that from A descends a heavy pump rod down into 
the mine from which the water is to be raised. To the same 
end is attached the plug rod to work the cataract. At the 
other end of the beam is first of all the cylinder E F with 
the piston rod E B, while G H is the air pump rod, and H 
the air pump. L M is the hot water or feed pump rod and 
pump, as the air pump rod ascends and descends it works 
the valves. The water is elevated by the pump rod at the 
end A by first raising it from the lowest level to a higher, 
when it is delivered to the pump, then to the pump next 
above, and so on until the water reaches the surface. 



EXERCISES CHIEFLY FROM EXAMINATION PAPERS. 

1. Give a description of a beam engine. Upon what principle 
IB it constructed, and how are the sHdes worked ? 

2. Describe a simple and effective form of horizontal engine. 
What advantages are gained by the nse of such engines ? ^ 

3. How does a vertical engine differ from a table engine ? State 
the distinctive arrangements in each case. When may vertical 
engines be advantageously employed ? 

4. Describe a simple form of portable engine adapted for agricul- 
tural purposes. State clearly how the sli(&s are worked, and how 
the work is taken off the engme. 

6. What is the general form and principle of Ramsbottom's 
intermedial engine ? 

6. Describe the form of engine in which gas is used as the motive 
power. State clearly wherein tiiey differ from a horizontal en^e. 
Give a full description of the ** igniter," and the theory of its action. 

7. Describe a caloric engine, and show clearly how the motive 
power is treated. Can you tell what is meant by the ** regenerator" 
as used in tiiese engines, and describe clearly the prmciple on 
which it acts ? 

8. How does Siemen's en^e differ from the hot air engine ? 

9. What are the distinctive features of a Cornish engme ? How 
is the water elevated by these engines ? 

10. Explam the manner in which the steam acts in Watt's single 
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aciiiig pumping engine. Why is this engine so mnch more econ- 
omical m steam tha^ the old atmospheric engine (1870) ? 

11. Explain the principle upon whidi the parall^ motion of a 
beam engme is cons&acted (1870). See questions at the end. 

12. State the principle of Watt's single acting engine as applied 
in pmnping. What -valves are necessary for me working oi the 
engme ? How is the number of the strokes to be made per minute 
regulated ? Describe the cataract employed for that purpose (1871). 

13. Define the duty of a steam engme. What is the average duly 
of ^e pumping en^es in Comw^? How do you explain the 
increased duty obtamed from such engines by employing steam at a 
higher pressure and by working expansively (1867) ? 

14. sketch in section steam cylinder and valves connected with it, 
as arranged in Watt's single acting pumping engine. Explain the 
object and use of each valve, showmg at what periods of the stroke 
they should be respectively opened or closed (lovl). 

15. Give an account of the principal discoveries of Watt^ and the 
advantages derivable from them (1867). 

j^ 16. Describe the Cornish double beat valve (1867). 

17. It was stated by Watt, that neither water nor any other sub- 
stance colder than steam should be allowed to enter or touch the 
steam cylinder during the working of an engine. Show that this 
rule was not adopted in the case of the almospheiic engine, and 
describe the arrangements by which Watt gave enect to it (1872). 

18. There are three valves connected directly with the steam 
cylinder in Watt's sin^^e acting condensing engme. Name them. 
During what portions of the up imd down strokes of the piston should 
these valves be respectively open or shut, and for what reason (1872). 

Several of these questions are repeated for the convenience of 
the students. 



CHAPTER XII. 
COMBUSTIOlSr Am> PBEVENTION OF SMOKE. 

Definition — ^Foot Pound — Combustion — ^Analysis of Coal — ^Fre^Bniion 
of Smoke--Smokele88 Coke — ^Rules to Avoid Smoke and Waste 
of Fuel 

214. Definition. — The combustion of a pound of coal 
produces 8000 thermal imits of heat.* 

A thermal unit of heat is the heat necessary to raise a 
pound of water one degree in temperature. 

'' The quantity of heat necessary to raise one pound of 
water V Fahrenheit in temperature is equal to that 
generated by a pound weight falling from a height of 772 
feet against the earthy or it would raise 772 pounds 1 foot 
high. 

Slfi. ^'Foot Pound.''— The term foot pound has been 
introduced to express in a convenient way the lifting of a 
pound to the height of a foot. Thus the quantity of heat 
necessary to raise the temperature of a pound of water 1^ 
Fahrenheit being taken as a standard, 772 foot pounds 
constitute what is called the mechanical equivalerU of heont. 
If the degrees be centigrade, 1390 foot pounds constitute the 

equivalent." t 

216. Combustion. — GomJlmation is chemical combination 
attended with the evolution of heat and light. 

A. flame is gas or vapour raised to a high temperature by 
combustion. . From this definition we see the reason why 
the direct impact of flame against the flues and tubes of a 
boiler should be avoided as much as possible. 

* Ganot's PhyiieSf p. 401. 

t Tyndall's Heat as a Mode o/MoHon, 4th Ed., p. 4a 
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217. Analysis of Coal. — Caking or bituminous coal con- 
tains — 

75i per cent, of carbon. 
4| „ hydrogen. 

16 ,, nitrogen. 

4J „ oxygen. 

100 
All analyses vary according to the coal taken. The 
quantity of carbon in different varieties of coal varies 
very materially ; not only do the different kinds of coal, sa 
caking, splint, cannel, anthracite, etc., differ in their consti- 
tuents, but the coal from the same seam will vary consider- 
ably from the normal standard of that kind of coaL The 
heating powers of coal vary with the amount of carbon — ^the 
more carbon the more heat will be yielded. The best coals 
are the Lancashire, the Durham, the Staffordshire (locally 
called brown coal), and the Welsh anthracite, or stone and 
furnace coaL Lignite, as a rule, possesses two-thirds of the 
heating power of good bituminous coaL Peat contains on 
the average a little less carbon than lignite, or about 50 per 
cent. The Americans give analyses which lead to the con- 
clusion that their anthracites contain more carbon than our 
best coals; but it must not be forgotten that anthracite 
requires an intense heat, a ffood supply of oxygen, and con- 
Biderable time for its combustion; but ^e m^ s^t against 
this that when it does bum the heat is very fierce. 

It is plain that the quantity of air necessary for perfect 
combustion wiU depend upon the fuel used. Caking coal, as 
Welsh, which fills up the spaces between the bars, will cer- 
tainly require a greater admission of artificial air than the light 
burning coals from Staffordshire or Newcastle. A permanent 
opening of from 40 to 50 square inches behind the bridge 
has been found very effective to prevent the escape of carbon 
(smoke), and resulted in a saving of 33 per cent, in fueL 

When coal bums it throws off light carburetted hydrogen, 
heavy carburetted hydrogen, carbonic acid gas, carbonic oxide, 
etc., each of which, as it produces' heat, will combine only 
with its proper proportion of oxygen ; therefore, if more be 
supplied by introducing too much fresh air, it does injury 
not only by cooling the internal surface of the flues, but 
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(remembering that a high temperature is necessary to pro- 
duce combustion) by preventing combustion. It has been 
proved that hydrogen furnishes, weight for weight, four times 
as much heat as carbon ; therefore the 4^ parts of hydrogen 
in coal will produce 4J x 4 = 17 parts of heat, and the carbon 
75 J ; or out of 92 parts 76 are produced by the great pre- 
ponderance of the carbon, and 17 by the small amount of 
hydrogen. In round numbers, we may say out of 100 lbs. 
of coal 80 lbs. are carbon and 5 hydrogen (which latter gives 
heat equal to 4 x 5 = 20). The 80 lbs. of carbon will require 
2527 cubic feet of oxygen for its combustion, which will 
be supplied by 12635 cubic feet of atmospheric air. The 
hydrogen will require 473 cubic feet of oxygen, which will 
be found in 2365 cubic feet of air, making a total of 
12635 + 2366 = 15000 cubic feet of air for the combustion 
of 100 lbs. of coal.* 

217. Prevention of Smoke. — Experience has proved that 
it is qidte possible, with a carefully contrived furnace and 
skilful stoker, to prevent smoke almost entirely. In the 
Bainhill competition one condition was, that l^e engines 
were to consume their own smoke. Stephenson therefore 
used coke. In marine locomotion smoke is not a nidsance, 
except in river steamers, but it is a wasteful expenditure of 
fuel. Smoke is consumed by carrying out the principles of 
more perfect combustion ; for this purpose, either an extra 
supply of atmospheric air (oxygen) is insured, or a jet of dry 
steiam & sent into the mouth of the furnace. The chief object 
to which the fireman has to direct his attention is to spread 
his fire evenly, and when he introduces fresh fuel to keep 
it close to the fire door at first, so that the carbon may 
be brought in contact with sufficient heat, as it passes 
over the fire, for its perfect combustion. If the coals are 
at first placed near the furnace doors — ^this was Watt's 
plan for consuming smoke — ^they begin at once to give 
out their gases, these passing over i£e incandescent fuel, 
farther in the fireplace, are raised in temperature suffi- 
ciently for the carbon to combine with the oxygen. Coal 
gives out carbon and hydrogen, with nitrogen and oxygen, 
L carbon combining ^th the oxygen ^ the air ^e^ 

* 3^ Colbum's Locomotive ^igineering for a second calculation. 
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out carbonic oxide; but the hydrogen combining with the 
oxjgen, gives intense heat, and sets the carbon free; but 
the carbon next unites with the oxygen, and as it passes 
from one to the other, we have intense light. The more 
the oxygen the greater the heat. Hence the reason for 
the construction of the Bunsen's burners, now so common 
in every house under the name of gas stoves. Mr. C. W. 
Williams of Liverpool has given great attention to the con- 
struction of fireplaces and furnaces that shall consume their 
own smoke. He admits air behind the firebridge into a 
mixing chamber, where the fresh and heated air enter into 
combination, and the smoke-laden fiame is deprived of its 
carbon by more perfect combustion. 

Some engineers consume the smoke simply by paying extra 
attention to the stoking. In Jukes' patent furnace the bars 
are arranged as an endless chain, passing over two rollers, 
which work the chain, the latter gradually carries forward 
the coal from the mouth of the furnace ; as it passes under 
the door, the bottom of the door prevents the entry of too 
much coal at one time, or regulates the supply. A roomy 
furnace has a far better chance of consuming its own smoke 
than a small one. This will follow from what has been 
stated above. With a roomy furnace the snioke has a larger 
mass of incandescent fuel to pass over, so the gases can be 
better burnt as they go along to the flues. In Prideaux's 
furnace he supplies air only as long as smoke is being pro- 
duced, by the peculiar arrangement of openings in, and plates 
of iron on the back of, the furnace door. These plates heat 
the air as it enters the fireplace, so that no cold air can gain 
admission. In practice it is found that if a continuous 
stream of cold air be allowed to enter, it acts iniuriously upon 
the boUer plates, by causing oxidatio^ through the JL^ve 
heat at one moment and sudden cooling at the next. When 
a jet of steam is introduced into the fireplace to promote the 
consumption of smoke, it enters frt)m a pipe placed imme- 
diately across the top of and inside the door ; then as it vio- 
lently rushes over the burning fuel, it does this in two ways. 
Its synthesis is affected, and its own oxygen and hydrogen 
combine with the other products of the coal, and create heat, 
Q.^4 &1^ the same time the draught is considerably increase^. 
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218. Smokeless Coal. — Anthracite coal burns without 
smoke and evolves no sulphur; for this reason it ha^been 
introduced on the Metropolitan liue. In passing through 
the covered portions of the line, the exhaust steam is turned 
into the tanks and condensed, while the draught is main- 
tained bj the moderate use of a jet of steam. 

Suppose we now throw together a few of the simple rules 
given under the heads Combustion of Fuel and Prevention 
of Smoke. 

(1) It is best to heat the coals on the dead plate first after 
the ^manner of Watt, or else in coiomencing &ing throw the 
first few shovelfuls toward the bridge, and gradually cover 
the fire evenly to the door. In all cases see that the bars 
are well covered. 

(2) Knock out all clinkers as soon as formed, keep the 
fire from caking together, and admit a proper supply of air 
near the door. 

(3) Begulate the draught either by the dampers or by 
the ash pit and furnace doors, or by an orifice behind the 
bridge. Clothe all parts of the engine and boiler that lose 
heat by radiation, such aa steam pipe, cylinders, boUers, etc. 



EXAMTNATIOlSr QUESTIONS. 

1. What is a foot pound ? 

2. Define combuBtion, and give an analysis of coal; also state how 
much air is required for the combustion of 100 lbs. of coal. 

3. Give some simple directions to a stoker to effect the consumption 
of smoke when he is stoking. 
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CHAPTER XIIL 
BOILER EXPLOSIONS. 

Cause — Spheroidal Condition of Water — Water Purged from Air 
— ^Hydrogen Theory — ^Aocumulated Pressure — ^Incrostations — 
Deficiency of Water — Collapsing— Bad Management — ^Mr. Col- 
bum's and Professor Airy's Theory. 

219. Cause of Boiler Explosions. — ^Many theories have 
been advanced to account for the sudden explosion of boilers : 
such as (a) the spheroidal condition of water; (b) water 
purged from air; (c) the hydrogen theory; (d) accumulated 
pressure; (e) incrustations; (/) deficiency of water; (g) from 
collapsing; (A) from bad management; (i) from faulty con- 
struction. The first three, a, b and c, are plausible theorie& 
There can be no doubt that the majority of boiler explosions 
have originated in eoccess of preasiMre — ^the steam generated 
to cause that excess arising from several of the circumstances 
mentioned above. 

Mr. Marten,* one of our most experienced engineers on 
boiler explosions, says steam boiler explosions may be classi- 
fied under two heads : 

1. " Faults in the fabric of the boiler itself as originally 
constructed, such as bad shape, want of stays, bad material^ 
defective workmanship, or injudicious setting. 

2. " Mischief arising during working, either from wear 
and tear, or from overheating through shortness of water or 
accumulation of scurf; or from corrosion, in its several forms 
of general thinning, pitting, furrowing, or channelling of the 
plates ; or from flaws or fracture in the material, or injury 
by the effect of repeated strain; or from imdue pressure 

* See Records of Steam Boiler Explosions, by E. B. Marten, ot 
^^9^bndge, jBppn. 
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through want of adequate arrangements for the escape of 
surplus steam." 

Experience shows the need of greater care in construction 
to provide proper stays to ends; the want of stronger guards 
to man holes to prevent the edge of the plate cracking with 
the extra strain upon it^ and the necessity of hoops or other 
means of strengthening weak internally fired tubes ; and the 
greater care in executing repairs so as to restore the strength, 
and with sound workmanship to prevent the leakage from 
corrosion so often f oimd in boilers repaired with rough screw 
patches. 

220. (a) The Spheroidal Condition of Water.* — If a 

drop of water be thrown upon a very hot |date, as the top 
of a cooking stove, it will immediately assume a spheroidsd 
shape, and roll about the plate ; while if the plate be but 
warm, the water will spread upon it, and soon evaporate in 
steam. In the former case, the small spheres of water do 
not even reach the boiling point, but between them and the 
hot plate are small cushions of steam, which buoy up the 
spheres and keep them from coming in contact with the hot 
plate. Each sphere, as it were, projects 
from its surface vapour which repels 
the hot plate; but the moment they 
spread abroad upon the hot surfEUse they 
disappear as steam. That steam in con- 
siderable quantities may be thus formed 
can be eamly illustrated by experiment. 
Suppose that A is a copper vessel, with a 
small glass tube passing through the cork 
in the neck; place imder it a spirit 
lamp S L; when the vessel is heated, 
pour a little water, W, into it, it will 
immediately assiune a spheroidal condi- 
tion, the small quantity of steam de- 
veloped while it remains in that state 
passes through the tube. Let us remove the lamp, then 
the moment the copper is cooled down sufficiently the 
water loses its spheroidal form, spreads over the copper, and 
a large quantity of steam is developed, sufficient to dirive out 

* See Tyndall'B Heat a» a Mode qf Matiorh 4tli Ed.| pp. 154 to 162. 
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the cork with great violenoel Applying this to the case of 
boilers, it will be seen that if from lack of feed the water 
in a boiler should assume a spheroidal state, that an explo- 
sion must inevitably follow; for as the furnace cools and the 
water spreads over the plates, a larger amount of steam will 
be deyeloped than can pass the safety valve. 

221. (6) Water Purged from Aur. — ^All water holds air ; 
boiling sets it free. We may see the air bubbles rise if we 
watch heating water ; this air increases the ebullition. When 
air is removed the atoms of the water more firmly lock them- 
selves together, or the cohesion of the particles is increased — 
the cohesion is so augmented that the temperature may be 
raised 30® or 40° C. above the ordinary boiling point without 
producing ebullition; but when ebullition once coiomences, 
the whole of the excess of heat is consumed in converting 
the water into steam, and an explosion follows. Many loco- 
motive boilers have exploded on quitting the shed. It has 
been suggested that the cause of this may be found in the 
above statement. The water has been purged from air by 
previous boiling, and when the fires were got ready for a 
journey, they, instead of generating steam, stored up a large 
excess of heat in water possessing a high cohesive power, so 
that immediately the stop valve was opened, the equilibrium 
was disturbed, the cohesion gave way, and the excess of heat 
stored up produced steam suficient to cause the explosion. 

222. (c) The Hydrogen Kieory. — Water consists of 
hydrogen and oxygen. One pound of hydrogen combining 
with eight pounds of oxygen would form nine pounds of 
water. It has been suggested that when water comes in con* 
tact with red-hot boiler plates, it is decomposed and separated 
into its constituents of hydrogen and oxygen, and that imme- 
diately the hydrogen is formed it explodes. There are serioujr 
objections to such a theory, not iSie least is that before the 
hydrogen explodes*, it must be mixed with a due proportion 
of oxygen or air ; again, it has never been proved that decom- 
position does tsLke place under such circumstances. Water 
in contact with hot plates is converted into steam, which is 
qxdte capable of causing any explosion. 

223. (d) Accnmnlated Pressure. — ^Accumulated pressure 
is the cause of ninety-nine boiler explosions out of a hundred. 
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An active fire under a boiler will generate a very large quan- 
tity of steam, and if proper provision be not made for its 
escape by means of the safety valve, etc., mischief must 
follow. If the safety valves diould be too small — ^tf they 
should get jammed on their seats — ^if they should be tied 
down or overloaded, for some enginemen have been found 
mad enough to do that — ^injurious results will certainly follow 
the excessive aggregation of steam. If, also, in getting the 
steam ready, time aiter time, the boiler should be put to an 
excessive strain by the safety valve being loaded too heavily 
or not acting properly, the time must come when the enor- 
mous elastic pressure of the steam will be greater than the 
tensile strength of the boiler, and an explosion will take 
place. A very large class of accidents have occurred through 
the safety valve not acting, or not being large enough in pro- 
portion to the evaporating power of ^e boiler. We have 
alluded in another place to the rapid manner in which steam 
pressure accumulates when an engine is standing still and 
the fires kept up as usual. When boilers burst from ex- 
cessive pressure, the parts that give way are either those 
immediately over the famace, the flat ends, or where 
water has been allowed to rust away the plates through 
faulty setting, etc. The best security agaiasi excessive 
pressure will be foimd in having boilers of nia.-giTmiTn 
strength and the best form, with good appendages, as safety 
valves, etc. 

224. (e) Xncrnstations. -^ Incrustations have been the 
cause of boiler explosions, as already referred to, when speak- 
ing of the salting of manne boUers. As gypsum, lime, salt, 
etc., are deposited internally Upon the plates of a boiler, they 
form a solid hard crust. Let us suppose such a crust to be 
formed. It is sometimes deposited very rapidly; and con- 
sisting of earths, the incrustation is a very bad conductor of 
heat, consequently the boiler plates will become red-hot 
without transferring the motion to the deposit. When the 
boiler plates become red-hot, the incrustation will probably 
separate from the iron, through the latter expanding more 
than the former; the consequence will be that the water will 
reach the plates, and a sudden generation of highly elastic 
steam, in greater quantities than the safety valve will allow 
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to pass, will cause a tremendous explosion, with consequent 
loss of life and property. It is of course quite plain that the 
part of the bofler likely to give way under these circum- 
stances, will be the aoftmed plates above the furnace. When 
heated like this, they lose five-sixths of their strength. In fact 
they will be driven into the furnace or collapse. The remedy 
against incrustation is a proper amoimt of blowing out and 
chipping off of the hard substance as it accumulates. 

225. (/) Deficiency of Water. — From what was said 
under 6, it is quite possible that from lack of a due supply 
of water that the remainder in the boiler may assume a 
spheroidal condition, which must result, when the heat 
decreases, in an explosion. Such a result can hardly be 
brought about if the least attention be paid to the water 
cocks, the feed pumps, and the glass water gauge. Sufficient 
water must always be kept in the boiler to cover every part 
in immediate contact with the heat. Should these parts get 
hot, as was mentioned above, they lose five-sixths of their 
strength, and only one-sixth of the ordinary strength of the 
boiler will be an insufficient safeguard against an explosion. 
Should the engineer lose his water, he must not attempt to 
open the feed valves or cocks — ^many a life has been thus need- 
lessly thrown away to save a Httle scolding or dismissal. It 
isaLusand tim4 wiser and more manl^ to fax. these con- 
sequences, than to risk life, limb, and far greater punish- 
ment. When the valves are thus opened, a great amoimt of 
elastic steam is immediately developed, and the softened 
plates give way. Therefore risk no life, open the fire doors 
and take out the fires, and then gradually ease the safety 
valves. Fusible plugs are a good preventative against acci- 
dents happening from a deficiency of water. 

226. {g) Collapsing. — ^A boiler or fine is said to collapse 
when it gives way. to exterior pressure, or from the air or 
steam acting against a vacuum or partial vacuum. In 
such cases the steam enters the fines, and scalds and de- 
stroys everything in the engine room. A partial vacuum 
has by some means been created in the fines, then the 
pressure of steam within the boiler has driven in the plates 
of the tube, and an explosion has followed, or the iron haa 
become softened and wom^ and the pressure being greater 
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than it can bear, the explosion lias happened. To avoid 
danger from this cause, the flues must be properly con- 
structed, stayed, and strengthened by rings of strong angle 
iron at every 10 feet. They must be round, not elliptical. 
The vacuum valve must be kept in working order to prevent 
boilers collapsing. 

227. (h) Bad Management. — ^As long as ignorant and 
careless men can obtain charge of boilers, accidents will 
certainly happen. Let us hope that, as education spreads — 
it has perhaps now a fair chance— no such persons will find 
employment where so much depends upon their intelligence, 
care, and attention. When men cease fastening down the 
safety valve, either wilfully or by neglecting to raise it fix)m 
its seat, and no more surreptitiously alter the weight, we 
shall have fewer accidents. Such things have been done, 
improbable as they may appear — ^the American phrase of 
sitting on the safety valve is too true. Ignorance leads to 
most accidents. It was only a few years ago in Plymouth 
Sound, that on board one of H.M.'s vessels the water was 
lost through the gauges not acting properly, when the 
engineer, aware of what was the matter, ignorantly turned 
on the feed instead of taking out the fires. The remedy for 
bad management exists in education. But excellent authori- 
ties say, that the introduction of cold water has nothing to 
do with the explosion when plates are overheated, for they 
say the water is introduced at the bottom, and only rises 
slowly over the surface, and gradually cools it. The experi- 
ment of putting cold water into red-hot boilers has been 
repeatedly tried without producing any explosion. 

228. (%) Mr. Oolbnm's and the Astronomer-Royal's 
Theory of Boiler Explosions can hardly be called a theory 
on explosions, but rather a theory to accoimlb for the large 
amoimt of mischief that a boiler explosion creates. Mr. 
Colbum is of opinion that boiler explosions take place at 
but little above ordinary pressure by the rupture of a defec- 
tive point close to the water line, the defect being generally 
caused by corrosion ; that as soon as the rupture takes place, 
immediately part of the steam escapes ; instantaneously, as 
the pressure is taken off the boiler water, the large store of 
heat in the water above the boiling point generates a large 
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amount of steam, whicli is at onoe disengaged. This large 
quantity of suddenly formed steam forces off the upper shdl 
of the boiler, and causes all the mischief that follows. So 
that the mischief is not done by the steam that was in the 
boiler at the moment of explosion, but is done by that which 
is created during the moment of explosion. This creating of 
steam takes place throughout the instant of explosion, its 
elastic force gradually dimiuiRhing till the water reaches 
100° C. From careful investigations it may be stated 
roimdly, that the explosive energy in every cubic foot of 
water in a boiler at 60 lbs. pressure equals that contained in 
a pound of ordinary gunpowder. 



EXAMINATION QUESTIONS. 

1. What are the chief causes of ''boiler explosions?'' tVhat is 
the hydrogen theory? 

2. State distinctiy what you medn by the "spheroidal condition 
of water," and water purged from air. How have these theories 
been connected with boiler explosions ? 

3. Show how accumulated pressure and deficiency of water act to 
produce a boiler explosion. 

4. Account for so much steam being generated And mischief done 
by boiler explosions. 

5. What distinction is there between a boiler exploding and a tube 
collapsing ) state the precautions to be adopted in either case. 



CHAPTER XIV. 
PRACTICAL WORKING.* ' 

Duties to Macliiner^r when in Harbour and Ckttin^ up Steam- 
Starting the Engines — ^Under Steam — Fires — ^Bearmgs — Engines 
in Port — ^Lap on Slide Valves — ^How to Set the Slides. 

229. 1. Daties to Uachinery when in Harbour before 

Oetting nnder Steam. — ^When an engineer takes charge of 
the machinery of a boat, his first attention ought to be 
directed to h^ boilers; for, being the source of power, they 
may become the source of great danger if not properly looked 
after. Iii inspecting the boilers three tilings require especial 
notice: — (1) The thickness of the plates above the fires and 
other places of importance; (2) the state of the stays; (3) 
the position of the gauges, viz., the water gauge, cocks, and 
glass water gauges. 

(1) Bespecting the first, a general plan is to drill a small 
hole through the plate, and thus find its real thickness, for 
it is often the case that a boiler plate may be far thicker at 
the seams than in the middle. At the seams the proper 
thickness cannot always be correctly ascertained on account 
of the way in which they are caulked, by which a plate may 
appear considerably thicker than it really is. After the hole 
h^tTs^ed its p4o3e, it is tapped and plugged tightly up 
again. 

(2) As regards the stays, they require a great amount of 
attention ; for they are very apt to get eaten through near 
the plates by oxidation. 

(3) The gauge cocks are often placed just above the 
highest row of tubes. Now this is a very dangerous practice, 
for it is possible for an engineer to lose his water, let him be 

* Written by a Working Man, 
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ever so careful, when great danger follows; while if the 
cocks were placed a little higher, the loss of water would 
not be necessarily followed by so much danger. 
230. 2. Duties to Machinery when Steam is Getting 

up. — ^The water in the boiler when the fires are lighted 
ought to be just above the bottom of the glass. In a 
large, or even moderate sized boiler, the water will expand, 
and there is also not so much water to heat at first; and 
we know, by reason of conduction and radiation, that small 
bodies of water are heated comparatively more rapidly 
than large. On first lighting the fires they should not be 
kept too large, but just sufficient to cover the bars. A 
large thin surface of fire is found to be the most efiective on 
getting under weigh. 

When the fires are lighted, and the steamer is going on a 
long voyage, it is the practice to rub the polished parts of 
the engine over with a composition of tallow and white lead. 
This prevents any rust forming on the rods, etc., from water 
dropping on them which may have been used for keeping 
the bearings cool. 

The discharge valve is also opened now, or else on starting 
the engine something will give way. Several accidents have 
occurred by neglecting to do this. 

The safety valves are now to be inspected to find out 
whether they are fast corroded to their seatings. If so, 
they must be freed and made ready to act before starting. 

It is a good plan, and one much practised, to give the 
engines a good blowing through whilst the steam is getting 
up. This warms the cylinder, and tries any joints that may 
have been made since the engines were worked last. It also 
saves the steam, for if not done now (when the engine is 
starting), a great amount of steam is wasted in heating the 
cylinder instead of imparting its elastic force to the piston. 
It is thus that boilers are sometimes taxed beyond their 
powers, and the steam pressure reduced to perhaps a very 
dangerous point. 

231. 3. Starti4iig the Engines. — ^All ships are now fitted 

with the double eccentrics, or " Stephenson's Link Motion," 
by which the engines are started, or rather by this the slide 
valves are under the command of the engineer, and can be 
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worked back or forward as command be given, by either a 
"bar, lever, or generally, in large engines, by a wheel. 

The handles, by which steam is turned on and off, with 
the. injection cock handles, are placed beside the wheel, so 
that one man can now generally start the engine. 

Some large ships have a steam piston so fitted that it rises 
and falls by steam admitted above or below, thus rising or 
lowering the link in its motion. This is what is called steam 
8t)arting gear, and is very handy when the link is of great 
weight. There is always hand gear fitted as well, which can 
be used in cases of emergency. In giving injection to a 
common condenser, it should be opened just after the steam 
is turned on to the cylinders, or else if going slowly the 
condenser may become too full of water, and the air pump 
not able to perform its work properly. 

In starting an engine that is fitted with surface condensers, 
the only thing requiring attention before going on, is to open 
both valves communicating with the sea above or below the 
condenser, viz., suction to the circulating pumps and de- 
livery from them. 

DUTIES WHEN UNDER STEAM. 

282. The Boiler. — ^Always keep looking at the water level. 
This is oftentimes a source of great anxiety, for some boilers 
require the water to be kept at a certain fixed level. If 
water be too high they will not keep steam, and if too low 
the steam will generate too fast. Some boilers require a 
high water level, others a low one, in fact no general rule 
can be given for the water level, nothing but practice can 
determine it. A safe rule is to keep the glass water gauge 
about two-thirds fulL 

Blowing out marine boilers should be practised about 
every two or three hours. Practice has proved this to be a 
good rule, on account of not so much water being required to 
be blown out at a time, and therefore the steam pressure is 
not reduced to a very great extent. 

In steamers fitted with surface condensers, a little sea 
water is supplied to the boilers to make up for the loss 
in the steam pipes, jackets, leaks in the condensers, etc. 
This in time may injure the boiler if not counterbalanoed 
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some way or other. The general plan is to blow out about 
two or three inches every twelve hours. The water in these 
boilers is never allowed to reach more than -^ of saltness. 

The fires require much consideration. A fiimace is best 
worked with a heavy fire, but not too heavy, thicker to- 
wards the back than front. The fresh fiiel should be placed 
in front, and then pushed back after being thoroughly heated. 
Every four hours (at the least) the fires should be cleaned 
out, as large clinkers or refuse of the coals adhere to the fire 
bars and prevent the draught, making the fires bum dead, 
especially towards the back of the furnace. Sometimes the 
slag will stick fast to a furnace bar, and cannot be removed 
from it. This causes a great amount of trouble, as in trying 
to remove it, the fire bars are occasionally pulled out of tiieir 
places, and the greater part of the fire falls through, causing 
much waste and often danger. 

The principal thing to pay attention to when the engines 
are under steam, is to keep the bearings cool and the glands 
steam tight. Oil is generally used for keeping bearings cool, 
but when larger ones are workinej hard, a let of water is kept 
playing upoTthem. This is fouf d to ^er very weU whL 
the water is turned on before they have had time to heat. 
It should not be used after they have been allowed to get 
heated, for it may crack them by too sudden contraction. 
A good stream of water should be kept running on the thrust 
block from the time of starting, this with the tallow, which 
is always put into it before starting, keeps this all-important 
bearing cooL The cap of the tlunist block requires great 
care in adjustins:. If screwed on too ti&^htly it is almost sure 
to heat or firef as it is termed, and if not screwed down 
sufficiently tight, the unpleasant jumping shake so often 
experienced in our screw ^ps is sure to follow. 

The packing of the gland at the stem tube should be well 
looked after, and kept quite tight and well tallowed. 

In paddle wheel steamers there is frequently not sufficient 
care taken about the outer bearing of the shafts. In veiy 
few ships are proper means provided for lubricating these im- 
portant parts. At the commencement of a voyage, the outer 
bearings are well tallowed, and often put down, screwed up, 
and left to look alter themselves aa best they may. Yery 
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few sliips, indeed, being provided with tubes leadiog down 
from the paddle boxes to the oil holes of the blocks^ or in 
which means are provided for their lubrication. 

The coals in the bunkers must be carefully watched, to 
prevent spontaneous combustion. The stoppers over the holes 
should be kept open as much as possible, and care taken not 
to keep damp coals longer in the bunkers than can be 
avoided; for it is only damp coal that is liable to spon- 
taneous combustion. 

In new fast running engines castor oil is a very good thing 
to use on first starting. When new brasses have been fitted 
into the bearings, till they form a good bearing for them- 
selves, the same should be used. It appears to have a much 
firmer body in it to lubricate than all other oils have. The 
difierence in the cost of the oil is not very much, coarse caator 
oil beiQg very little dearer than good machine oil. 

233. Duties to Hachinery when the Ship has Arrived in 

Port. — ^The white lead and tallow should be rubbed off with 
a piece of oily waste, and then the bright work of the engines 
wiU give no trouble by rusting. 

The engines should have a good blowing through to drive 
out all water in the condensers, then the Kingston's valves, 
communicating with the sea, should be shut, next open the 
condenser drain cocks, which will drain out all the water left 
in them. This is allowed to run into the bilges, which can 
be pumped out by the donkey pump or the hand pumps if no 
steam is left in the boilers. 

Some engineers always blow out their boilers after steam- 
ing, others do not, the latter only let the fires out and shut 
the valves in the steam pipes ; both plans have their advant- 
ages and disadvantages. Perhaps the majority keep the 
water in the boilers, only blowing out when repairs or an 
examination of the boiler is required. An engineer should 
always examine for himself whether all the fires are properly 
out, and not take the word of the stokers for it. A great 
amount of damage may be done by the fire not being properly 
put out in i^e aE^ pits. A frequent practice is to get a heap of 
hot ashes together and dash some water over it ; this makes 
it black outside and leaves it burning inside. The ashes 
should rather be spread out evenly, mA then water thrown 
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over gradually and gently to put tlie fire out efifectually, and 
to create as little dust and dirt as possible. 

234. To Find the Amount of Lap on the Slide Valve (before 
setting the slides). — ^Take a batten of wood, and place it on 
the cylinder slide face at right angles to and over the ports. 
Mark off on it idie edges of the steam and exhaust ports with 
a square and scriber. By placing this on the face of the 
slide valve, the amount of the lap can be at once found. 

236. To Set the Slides. — ^Put the piston at the top or bottom 
of its stroke. If the eccentric is rightly fixed on the shaft, 
simply fasten the slide valve on the spindle with the required 
amount of lead. Then turn the engine to the other end of 
its stroke, and see if the lead is the same ; or in some engines 
more lead is given at the bottom than at the top (as in ver- 
tical engines). If the engine is fitted with the link motion, 
the reversing eccentric is then connected and the valve tested 
in like manner. Also with the link motion, the slide rod is 
placed in the centre of the link; and although the position 
of the eccentrics on the shaft ought to destroy any motion of the 
valve, yet there is a little with a short link. This is tested 
to see that the steam ports are always closed, and thus the 
engines can be stopped, even if the full press\ire of steam be 
admitted to the back of the slide by the stop or throttle 
valves. 



EXAMINATION QUESTIONS. 

1. Describe briefly the duties to the machinery when in harbour 
before getting under steam, that require the attention of the marine 
engineer. 

2. To what must an engineer particularly direct his attention while 
getting up the steam ? 

3. When a vessel is under steam, what will then claim the especial 
attention of the engineer ? 

4. When a ship is to be laid up in harbour, how must the engines 
be left ? 

5. Show how to set the slide valves, giving the proper amount o( 
lap and lead. 



CHAPTER XV. 
THE INDICATOR. 

Description— Use— Diagram— Diagrams imder Various 

Circumstances. 

236. The Indicator, an instrument invented by Watt, is 
used to ascertain the internal condition of the engine, the 
state of the vacuum, the amount and variations in the 
pressure of steam at every point of the stroke, the cushion- 
ing, the condition of the slides, whether there be too much 
or too little lap or lead, whether they are leaky or properly 
set, whether ports are closed and opened at the proper time, 
in fiict, it tells us the power and aU the faults by which 
that power is impaired. It may also be attached to the air 
pump, the hot well, the condenser, etc., when it will tell us 
the nature of the pressures there existing. It has been very 
much modified since the time of Watt, to better adapt it to its 
purpose. The figure given of it is from one of Bichard's 
indicators, which exhibits the latest improvements. 

In its simplest form, the indicator consists of a cylinder 
with a piston, the top being open to the atmosphere, and a 
spring to keep the piston down to its work. A diagram is 
taken on a piece of paper to tell us all we wish to learn. 
This piece of paper is fastened round a barrel, which moves 
through nearly a whole revolution and back again as the 
engine makes one stroke. 

The figure is a representation of Kichard's indicator. A 
is a screw to fasten the indicator into the cylinder. The 
handle is to open the connection between the cylinder and 
the indicator, and thus allow steam to enter B D, the cylinder 
of the indicator. The piston a and piston-rod h of the in- 
dicator are shown by dotted lines. The slanting dotted lines 





are intended to show the spring which keeps the piston down, 
and against which the steam has to act in forcing up the 




piston a. In the aotiul indicator, the piston is not bo simple 
as shown here, but is conical and truncated; B is the 
barrel round which the paper is wrapped. The graduated 
scale is to measure the pressure of steam and the vacuum. 
Within this barrel is a spring, so that when the barrel has 
moved nearly round once whUe the piston goes up, the force 
of the spring causes it to return as the indicator piston goes 
down. Bound the pnlley/G passes a string to give motion 
to the barreL This stnng is attached to tiie crosehead of 
the cylinder (or the radius bar), and the motion is reduced in 
its travel to suit the card bf^rel. While the piston of the 
indicator moves up only one to two inches, the piston of the 
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cylinder moves Beveral feet The barrel haa to move round 
four or five inches in the same time. The motion is reduced 
by levers, when taken iram the piston crosshead. If the 
length of the diagram be three inches, and the stroke three 
feet or thirtyHEOx inches, we have only to proportion the 
levers as 3 : 36 or 1 : 12, and the required motion is found. 
The indicator barrel is moved round by the string (shown in 
the figure, being attached to its proper relative position on 
the lever, and) actuating the pulley / G and with it the 
barrel. The arm H H is to carry the parallel motion 
I ^ L M, the pencil being at p. The reason of this arrange- 
ment, ».6., of having a parallel motion, is that while the 
stroke of the indicator is (say) only from 1 to 2, the pencil 
is reqidred to move up and down from the lower 15 to (say) 
25 on the scale. The head of the indicator piston-rod being 
attached to the lever M L at Z, multiplies the motion of 
the indicator in the proportion of M Z to Z L. In Bichard'g 
indicator this multiplier is about three and a half; in fact, 
this is the essential difference between Eichard's and other 
indicators, such as M'Naught's, Maudslay and Field's, etc., 
that the motion is magnified, and therefore the pencil more 
sensibly indicates the least variation of pressure or action. 

The action of the indicator must now be traced. Suppos- 
ing the indicator is attached to the cylinder, but not placed 
in communication with it by turning the handle, and that 
the cord e is feusriiened to a lever at the head of the piston- 
rod, then it will move the barrel from right to left, and a 
straight horizontal line will be drawn by &e pencil, as A B 
in next figure — ^it is generally customary to let the pencil 
mark this line several times. The line is called the atmos- 
pheric line, because it coincides with the atmospheric pressure; 
all parbs of the diagram above that line show pressure above 
the atmosphere, all parts below it show the vacuum, hence 
the top part of the diagram is called the " steam " and the 
bottom iJie ^' vacuum." Again : supposing the barrel were 
BtUl and the steam admitted to the indicator, the pencil 
would be driven straight up, or a vertical line would be 
traced. We see that if the barrel only move a horizontal 
line is traced, while if the indicator piston only move a 
vertical one is made; therefore when both move together we 
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sliall have a line compounded of the two motions, and if the 
one is continually changing, it will not be a diagonal motion. 
Let us suppose the indicator is attached to the top of the 
cylinder, and that steam enters the upper port e as the piston 
comes to the top of its stroke. The moment steam enters 
the cylinder it drives the piston down, but at the same time it 
enters the indicsptor, and (hives the piston of the indicator up. 




DUGSAH. .' 

Let us suppose the pencil (when air is in both sides of the 
piston) stands at A on the above figure, then the line A £, 
which will be traced by the barrel moving nearly the whole 
way roxmd, is the atmospheric line. Kow let us suppose the 
top port e opened at the instant the tap of the indicator 
is turned, then steam will rush in, in the direction shown 
by the arrows; in the direction y to drive down the piston, 
and in the direction z to drive up the piston of the indicator. 
Steam coming in instantaneously drives up the pencil, and 
the line from A to C will be drawn (0 is called the starting 
comer). Now steam continues rushing in at its normal 
pressure and the piston of the engine goes down^ while on 
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the indicator piston the pressure is continnous, so therefore 
the pencil remains at the same height, and as the barrel 
moves round the line from C to D is drawn. When the 
pencil gets to D the slide has come down again and closed 
the port,* so that the steam is left to expand ; and of course 
as it expands its pressure decreases, the engine piston con- 
tinues to go down, and the pressure, iDecoming less and less in 
the indicator, the pencil gradually falls lower and lower to E. 
When it gets to E, the slide still falling, the upper port e is 
opened to the exhaust, and the steam rushes out in a con- 
trary direction to the arrows, the pencil therefore im- 
mediately falls to F (the eduction comer). Now there is a 
vacuum above the piston of the engine, and below that in the 
indicator, and the engine piston begins to rise up, all the 
time it is rising there being no steam or pressure in the 
indicator (or less than no pressure), the pencil having fallen 
to its lowest point is still, and traces the vacuum line F G to 
the lead comer G. Against the pencil gets there, the piston 
has arrived at the top of its stroke, the cushioning then takes 
place, and the pencil rises at once to A, or else the lead comes 
into action by the rising of the slide, and drives the indicator 
piston, and with it the pencil, to A. 

The action of the indicator has been traced through an up 
and down stroke, or a complete revolution of the cmnk, and 
we see that the varying pressure in the cylinder is faithfully 
translated by the indicator and rendered visible to the eye. 

The indicator is absolutely necessary if we are to know the 
pressure of steam when it is performing its work. Th€> 
iBourdon gauge or other contrivance, when correctly graduated, 
will always tell the boiler pressure, but it must be well un- 
derstood that the boiler pressure seldom or never corresponds 
to that in the cylinder, it is less in the cylinder. This reduc- 
tion of pressure is due (1) to the friction caused as the steam 
passes along the passages ; (2) to radiation ; (3) to loss of 
power which arises when the passages are contracted; (4) when 
there is a bend in the pipes and waste of steam: of course all 
these causes of loss may not exist in every engine, but some 

* We are supposmg a long D slide is used. In reading the para- 
graph, the stadent must consider both this figure and Sie last on 
page 210. 
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of them certainly do in alL This diagram (page 212) is sup- 
posed to be taken horn the top of the cylinder^ and the arrows 
show the direction in which the piston of the engine is moving 
when that part of the diagram is being traced. The dotted 
diagram shows one taken from the bottom of the cylinder. 

The indicator diagram, as we have intimated before, is 
the only true way of ascertaining the action of the steam 
inside i^e cylinder. The comers of the diagram are the 
points to which attention most be directed to find out any 
defects. In the diagram from a non-condensing engine, the 
whole of the carve is above the atmospheric Ime; but in a 
condensing diagram part is above the atmospheric line and 
part below. 

This is the normal indicator diagram, and all condensing 
engiriGS in good working order with shdes properly set and 
rods of correct length, i^ould give a similar diagram. We 
will note what the change would be under certain conditions. 

If the curve in starting from A ran to the right of C instead 
of vertically, then we should know that the steam was late 
in its action, or the slide (the long D) was not high enough 
at the proper moment. If the curve at E were a little higher 
and a little feurther to the left, the exhaust would take place 
too early, or the upper part of the slide would be too low. 
Both the changes would take place through the slides being 
too far down in the casing, or if the slide rod or eccentric rod 
were too long. Such an evil would also be shown by the 
diagram being fiiller at G, or coming a little feurther to the 
left, and the steam would be cut off too soon at D. 

If the slide rod be too short we shall have the exact opposite 
effects, through it keeping the slide too high in the casing. 
The upper part from A will fall to the left at the top 
and be longer from to D, iaH down lower at E, and a large 
amount of cushioning will take place at G, through the port 
being closed too soon, to the exhaust. 

If the stop on the eccentric be too far /'orum/rd we have a 
diagram something similar to that given when the slide rod 
is too short, because all the movements of the slide are too 
early, but tiiie comers will be sharp and angular instead of 
round. There is a distinction between this case and the cases 
where the eccentric rod is too long or too short. In the 
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case tmder confiideration the same fa/aU would exist in the 
diagrams taken from the top and bottom of the cylinder, 
but when the slide rod is in fia,ult the oppo^te defects would 
exist at top and bottom. 

If the stop on the eccentric he not sufficiefn;tly forward the 
diagram will be too full at every period, because all the 
motions of the slide will be too late. 

237. Throttling and Expansive Working. — If two 

diagrams are taken from an engine under these two circum* 
stances : first, when the steam is throttled; and second, when 
the expansion valve is used; it can easily be shown tluit it is 
fJBir more economical to work steam expansively than thrott* 
ling it; in other words, when the steam is throttled or wire- 
drawn, a greater quantity is used and less work is done by 
it. In throttling, hardly any of the curve will rise above the 
atmospheric line, while the vacuum will be pretty full, and 
show a large amount of cushioning; in expansive working the 
steam line will suddenly rise, to a good height, and the expan- 
sion rapidly fall; and at the point E (p. 212), where the port 
is opened to the exhaust, it will be found that with thrott- 
ling, the line is much higher than when the expansion gear 
is used, showing that there is more steam in the cylinder in 
the former than in the latter case. Hence, it is always more 
advantageous to use the steam at a high grade of expansion 
than to throttle it. 

(a) Let us suppose, for instance, that the steam is too late 
for its action, or, in other words, that the piston commences 
its stroke by the momentum already imparted to the engine 
instead of the slide valve admitting steam through having the 
requisite amount of lead. We then have, instead of an upright 
line A C, a line A £ slanting 
towards the motion of the in- 
dicator barrel. Therefore, when- . 
ever we find a diagram mth 
a line in the direction A B 
instead of A 0, we conclude 
immediately that the steam is house 1. 

too late for its action. This is corrected by advancing the 
eccentric a little farther in the same direction as the motion 
of the cranky or else giving more lead to the slide. When 
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the slide rod is too long we have almost a similar diagram, 
the steam line B D is too short while the exhaust line E A 
is too long, so that steam has too short a time for its admission 
and too long a time for eduction. 

(b) Let us now examine the annexed figure, by looking at 
comer A, which is termed the 
lead comer, we can tell whether 
the lead be too great or properly 
proportioned. A defect is ex- 
hibited when instead of a 
vertical line A C being drawn 
a line B is drawn slanting mgure 2. 

off from the motion of the barrel. Steam in this ease enters 
too quickly. The rounding of the comer A generally exhibits 
the cushioning. To remedy the defect of steam entering too 
soon, less lead must be given to the slide. Had the steam 
line C D been too long as well as the exhaust line E B too 
short, the proper remedy would have been to lengtiben the 
slide rod. For these are the two defects shown by a diagram 
when the slide rod is too short. A somewhat similar defect 
would exist if the stop on the eccentric were too far ad- 
vanced, every action of the slide would commence too soon. 

(c) A good comer at the end of the full stecan line, in- 
dicates a good arrangement for expansion, as point D in £g. 
1. Too ^^ual a descent from it shows that some steam 
entered after it ought to have been totally cut off. 

(d) A good horizontal line on the top of the diagram as 
far as the expansion point D (in fig. 1), shows that steam 
has jfree entrance to the cylinder, or, in other words, that the 
steam pipes are of good size and a. 
the ports properly proportioned. 
Should either of these be too small 
for the size of the cylinder, the 
full steam line A C will gradually 
decline from the steam comer A 
to the expansion comer B. Then a figube 3. 
slanting line from A to B shows a defect in the ports or steam 
pipe, for the ftdl steam line A C should be perfectly horizontal, 
or parallel to the atmospheric line, and not as shown by A B. 

(e) A curve at the end of the expansion line h^ore it 
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descends to the yacunm line, indicates that the slide valve is 
a little opened to, or slightly placed in communication -with, 
the condenser, just before the piston has arrived at the end 
of its stroke, or in fact that there is n^ofM^e lead. 

The two pair of high pressure diagrams, or properly, 
diagrams from a non-condensing engine, below, are taken from 
a pair of high pressure cylinders of 10^ inches in diameter. 

A_ B ^ 'A 
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Pressure of steam in the boiler, 75 lbs; length of stroke, 
1 ft. 8 in., making 150 revolutions per minute. 

The first or upper card was taken frt)m the leading engine, 
which also works the pump; the full pressure A B was allowed 
for 3^ inches of the stroke, after which it was cut off by an 
expansion valve at the back of the slide valve. 
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The second or lower card was taken from the following 
engine, in which the steam A £ was cut off after 2^ inches of 
the stroke were accomplished. 

The leading engine is allowed -^th of an inch lead by the 
slide Yalve, and the following one ^^^nd. 

The escape or waste steam is allowed to escape into a pipe 
common to both engines, which accounts for the irregular 
exhaust line; but notwithstanding this, it is of ample size, 
which is clearly proved by the exhaust line being for steam 
of so high a pressure tolerably near the atmospheric line a a. 
Slackness of cord as well as bad exhaust would cause the 
irregularities in the lower lines. 

288. Slide Diagram* — ^The slide diagram is omitted, as it 
is perfectly useless and seldom now taken. It will tell you 
nothing but what may be learnt from the diagrams taken 
from the top and bottom of the cylinder. 

239. Continnons Indicator. — ^Canon Mosley, Mr Bigg of 
Chester, and others, have proposed continuous indicators. 
The portion of the indicator showing the pressure and yacuum. 
in Mr Bigg's arrangement, is made exactly like the ordinary 
indicator, with its pencil resting on a continuous web of 
paper moving slowly. Suppose the pencil to have marked the 
atmospheric line : the tap is so arranged that it can be opened 
say during three strokes, and then remain closed for 100 or 
1000, or any other pre-arranged number. The diagram so 
taken consists of a succession of short strokes, across the 
diagram runs one long line representing the atmospheric line, 
and at right angles again are short vertical lines growing the 
highest steam and lowest vacuum pressure at every 100th or 
1000th stroke of the engine. The hours can be marked on 
the card, and the number of revolutions in the interval 
is easily ascertained according to the spaces into which the 
atmospheric line is divided. An ordinary diagram, whose 
steam and vacuum line correspond to any one stroke, will 
give the basis for the calculation of the horse-power. 

To show how to find the horse-power of cm engine from the 
indicator diagra/m. 

This figure consists of a pair of diagrams, one taken from 

the top the other from the bottom of the cylinder by Bichard's 

\ indicator. The engine is by Maudslay & Co. (600 h. p.) : — 
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2 cylinder, 76 inclies in diameter, area = 4536*46 ; 3 fb. 6 in. 
stroke; 51 revolutions: 23*3 is tlie mean pressure as per 
diagram. 

To find this mean pressure we have drawn across the 
diagram ten equi-distant lines. Then, in each case, taking the 
length of the perpendicular lying between the steam and 
vacuum lines, and applying them to the scale, we find the 
pressuresare 25*75, 28*5,28*5, 28, 27, etc., which give an average 
pressure of 23*92 lbs. for the down stroke^ and 22*7 lbs. for 
the up stroke, and a mean of 23*3 lbs. 

Therefore tbe indicated horse-power will be 

, 4536*46 X 23-3 x 51 ^2 x 3^ 

33000 

= 1143*9 for one cylinder. 
= 2287*8 for two cylinder. 

Notice here how widely different the nominal or mercan- 
tile horse-power 600 is from the indicated 2288. 

240. Dynamometer. — ^The dynamometer is an arrange- 
ment for determining the power ezerted by an engine. It 
exists in several forms. In one form it consists of two 
flat metal springs joined at the ends by links; the machine 
or engine is applied to separate the springs. The wider they 
are separated the greater the power of the machine. The 
power is indicated on a dial plate. 

To ascertain the power exerted by the engines of a screw 
vessel, the thrust of the screw is made to bear upon the 
fulcrum of a lever of the second class; by receiving the force 
near the fulcrum, and having a long arm for the weight, the 
force exerted by the screw is thus decreased in a great and 
easily ascertained ratio, somewhat after the manner by 
which in the weighing machine a small weight in the 
machine house balances a considerable one on the platform. 
A pulley on the shaft turns a barrel on which is fixed a piece 
of paper, while a pencil, moved backwards and forwards by 
the varying thrust of the screw, exhibits to the eye the 
power of the engines. 

The force driving a paddle wheel engine is measured by 
a dynamometer fixed on shore, a rope being carried from the 
vessel and fastened to the dynamometer, when the engines 
are set to work and their tractive force ascertained precisely 
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as in the ]ast case, Tho use of the dynamometer has greatly 
furthered the mechanical ImprovemeDt of Borev engineB, hy 
enabling ns to estimate the thrust of the screw, and thua 
ascertain if any large amount of force is being vaated. 
General Morin states that a good dynamometer sliould have 
(1) sensibility properly proportioned to the intensity of the 
efforts to be measured; (2) the indications of the flexures 
should be placed beyond the chronic influences of the 
observer and must be given by the instrument itself; (3) the 
observer should be able to estimate the eflect at every point 
of the fei^ of any curve made by the instrument ; (4) the 
^paiatus should be constructed so as to easily give the 
to^ amount of ^rork expended by the engine or machine 
. under consideration. 

S4L friotion Dynamometer (Balk's). — The &iddon 
dynamometer is employed to ascertaiii the horse-power of 
an engine by the friction. " The strap or instrument used 
for producing the friction in Balk's dynamometer is connected 
yrmi the ends ot ajt unequally armed lever, whicb causes any 
shifting of the strap or instrument to increase or decrease its 
pressure on the friction wheel, thus adjusting it so as to 
produce the exact amount of fiaotioa neceasaiy to keep the 
load up." The instrument consists of a drum, which receives 
Its motion from a strap connected wit h the engine whose 
power is to be tested. " 

On the same axis as 
the drum is affixed the 
friction wheel, the 
periphery of which 
is turned smooth and 
true, on it works the 
friction band, con- 
sisting of a hoop of 
thin copper. On the 
inside of this hoop is 
fixed a lining of wood 
(generally beech) in 
pieces; to the hoop is 
fastened two pla^ies, 
from whidi two skapa ran to the ends of the levw. 
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one of the plates is attached, by means of steel straps, a scale 
pan, into which is put the weights. Small weights are 
added to each end of the lever, until the friction of the 
band is so increased as to lifb the scale pan with its 
weight. The instrument is tested with various loads, and 
a scale obtained. 

/ is the Mction wheel, with the Mction band h round it. 
The drum is not shown in the figure. The lining of wood 
attached to the friction band is indicated hj the blocks in 
cross section. The lever is A B resting on its falcrum O ; 
the straps are seen connecting the plates p and q with the 
ends of ihe lever. The end A of the lever must be slightly 
longer than C B. The scale pan is shown at S. 

^e point of suspension p of the weight W must be kept 
horizontal. The power required to maintain the weight in 
the position in the figure will be the velocity of the point p 
per minute multiplied by the weight, which will therefore 
be equivalent to the units of work done. 

Let us suppose the radius of the friction wheel is 2 feet 

6 inches, the number of revolutions 100 per minute, and the 

weight 100 lbs.> we can then find what the horso-power 

will be. 

Oircamference of circle = 5x 3*1416. 

•.^Velocity per minute = 5x3*1416x100. 

• % Units ol work done per minnte = 5 x 3*1416 x 100 x 100. 

.-. Ho«e.power = ° ^ '"^^^^ 11"^ '^ ^°^ = 476. 

To find what weight we must use to test an engine is 
evidently the reverse of this. The horse-power must be 
multiplied by 33,000, and the produce divided by the number 
of revolutions of the dynamometer multiplied by the circum- 
ference. 



EXERCISES CHIEFLY FROM EXAMINATION PAPERS. 

1. How can it be ascertained by the aid of a slide diagram if the 
stop of the eccentrio is properly adjusted (1867) ? 

2. Describe the indicator. Show how it may be used to find the 
effective horse-power of an engine (1868). 
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3. Having given a normal indicator piston diagram, show what 
change would take place in its form if the injection water be shnt 
off; or, secondly, if the steam be throttled (1868). 

4. What kind of a diagram would be obtained if the gab lever be 
too long ? What kind of a diagram is obtained by fixing one end of 
the string to the crosshead of the slide (1868). 

5. Describe the indicator for ascertaining the horse-power of an 
engine. Draw the diagram which you would expect to obtain 
from 9 condensing engine in good working order. If the slide rod 
were l^ little too long, descriM the changes which would probably 
occur in tiie dia^^ons taken at each end of the cylinder (Honours, 
1869). 

6. Show by an indicator diagram the advantage of working ex- 
pansively over throttling (1864-6-7). 

7. In what cases would you consider it necessary to take a diagram 
from the top and bottom of the cylinder, and how would you from 
that diagram get the work developed in the up and down strokes 
respectively (1865). 

8. Give a description of Bichard's indicator. Do you know any* 
thing of a continuous indicator ? 

9. Show clearly by an illustration how the horse-power of an 
engine can be found from an indicator diagram. 

10. Describe the dynamometer. 

11. Show by an indicator diagram the advantages of working ex* 
pansively over throttling (1865). 

12. Sketch a normal slide diagram, and also a slide diagram with 
the eccentric stop top advanced (1865.) 

, 13. Explain the construction and principle of the indicator (1863). 
14 Give an outline of a normal slide diag^mi, and show by a 
corresponding diagram the alternation that woold take place if the 
slide rod were shortened (1863). 

15. Give a sketch of a normal indicator diagram. What alternation 
would be produced in the upper and lower indicator diagrams if a 
portion of the lap were taken from the exhaust side of the upper 
slide face, and the same amount added to the lower exhaust side 
(1864)? 

16. Explain the construction and principle of the indicator (1865). 

17* Show by slide diagrams the advantages to be gained by ex- 
pansive working over the throttling when making the same number 
of revolutions (1865), 

18. By what apparatus can you obtain a diagram on paper which 
will inform you as to the amount of the pressure of the steam or 
nncondensed vapour in the cylinder during each portion of the stroke 
of the piston ? what would be the probable form of the diagram in a 
condensing engine (1870) ? 

19. Draw the indicator dia^am which would probably be obtained 
from the cylinder of a condensing engine, and exj^ain how the changes 
in its form indicate what is occurring in the cylinder at different parts 
of the stroke. How would you cuculate the horse-power from the 
diagram (1870)! 
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20. Draw the indicator diagram which yon would expect to obtain 
from a^ condensing engine when the steam is cut off at one-fourth of 
the stroke? 

21. Draw also the diagram which would be theoreticallv perfect, 
and show from it that the amount of work obtained from ue expen- 
diture of a given quantity of steam is somewhat more than twice what 
it would be if the full pressure were continued till the end of the 
stroke (1871). 

22. Draw the indicator diagram which you would probably obtain 
from the cylinder of a condensing engine. How would the curve 
change if the steam passage were opened too late and the exhaust 
passage too soon ? Draw also the indicator diagram which would be 
taken from the cylinder of a single-acting air pump. How would the 
diagram tell vou when the^water was being delivered (Honours, 1871)? 

23. Describe the indicator with a sketch, and explain its uses. 
The steam pressure before expansion is 10 lbs. above the atmosphere, 
the steam is cut off at fths of the stroke, the exhaust commences at 
^ths, the cushioning at ^Hha, and there is no lead; represent the 
diagram you would expect to obtain (1865), 

fMt. For what purposes is the indicator applied to the cylinders of 
steam engines? Trace the i>eculiarities in the curve arising from 
expansion of the steam, eduction, cushioning, and lead (1866-7). 

25. Explain the construction of the indicator, and show how it may 
be em^oyed to obtain the horse-power of an engine (1866). 

26. What kind of diagram would be obtained at the upper and 
lower ends respectively of the cylinder if the slide rod were shortened 
(1866)? 

27. What is the use of the expansion valve? Show by a diagram 
the pressure of the stoam in different parts of the stroke when worked 
expansively (1867). 



CHAPTER XVI. 
THE LOCOMOTIVE ENGINE; 



DIVISION L 

History — ^Trevitliick'8 Model — ^Adhesion of Wheels to Kails, etc. — 
Tractive Force — Murray's Engine — Hedley's Locomotive — 
Stephenson's Engine : "The Rocket"— Blast Pipe— Trevithick's 
Claims— Contrast between ** Rocket" and Modem Engines. 

242. Its History.— No sooner had Watt made his im- 
provements in the steam engine, than many thoughtful 
persons began to consider the practicability of turning the 
new invention to the purpose of locomotion on our common 
rc^uls. Even Watt himself, although bitterly opposed to the 
scheme, because he thought such a high pressure of steam 
would be required; produced improvements upon steam 
engines which, in his own words, "are applied to give 
motion to wheel carriages for removing persons, or goods, or 
other matter from place to place, and in which the engines 
themselves must be portable." His boiler was to be of wood 
or thin metal, even earthenware and lead were used in early 
boilers, as they never dreamed of a pressure much above that 
of the atmosphere ; his fireplace was to be within the cylin- 
drical or globular boiler; the steam was to be discharged 
into the atmosphere, or else condensed by a curious arrange- 
ment for surface condensation. Two cylinders were to be 

* For writing this chapter on the locomotive, the valuable work of 
Colbum on Locomotive Engineering has been freely and liberally 
placed at the disposal of the author by the publishers, Messrs. 
Wm. Collins, Sons, & Co., of London and Glasgow. The author has 
not scrupled to extensively avail himself of the privilege. 
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used, double acting, the pistons and rods of which, by the 
sun and planet wheels, converted the reciprocating rectilinear 
motion into rotative; toothed wheels communicated the 
motion to the axle of the wheels. Mr. Murdoch, the foreman 
of Boulton and Watt, better understood the locomotive than 
Mr. Watt himself. A small model made by him is still in 
existence. It is remarkable for its ingenuity. The piston- 
rod was connected to one end of a beam, vibrating upon a 
joint at the other, an arrangement known in a certain class 
of engines as the " grasshopper." The chief pioneers in the 
construction and invention of the locomotive were undoubt- 
edly Trevithick in Cornwall, Hedley of Wylam, constructor 
of the " Puffing Billy," Murray, Hackworth of the Stockton 
and Darlington Railway, and Stephenson, who, with his 
" Rocket," won the £500 prize offered by the directors of 
the Liverpool and Manchester Railway in 1829 for the best 
locomotive. The conditions of competition weie briefly 
these : — 

(1) The engine must consume its own smoke ; (2) if the 
engine weigh 6 tons, it must draw after it 20 tons 10 miles 
an hour; the pressure on the gauge not to exceed 50 lbs. ; 
(3) there must be two safety valves, the engine and boiler 
must be supported on springs and rest on six wheels, the 
height of the whole not to exceed 15 feet to the top of the 
chimney; (4) it must not weigh more than 6 tons, less 
weight preferred, which may draw a less weight behind it, 
then it may have four wheels ; (5) the price not to exceed 
£550. 

243. Trevithick's Model. — ^Trevithick made and worked 
the first tramway locomotive. The annexed drawing repre- 
sents a model locomotive made by him in 1802. The cylinder 
standing vertically is within ^e cylindrical boiler. The 
large wheel is a fly wheel, evidently worked by gearing all 
of which is not shown. The small hind wheel is tiie driving 
wheel, driven by the crank, as seen on the left side of this 
wheel, the connecting rod coming down from a guide and 
crosshead above the cylinder. TVevithick's arrangement for 
the fire was to place it within the boiler. He employed a 
" force draught " created by steam for working within the 
chimney. His engine worked simply by the adhesion of its 
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gpuT-conpled driving wheels upon the emootli snr&ce of the 
tramway. His flae returned &otu the back through the 




boiler, and the diiinuejr went up by the eiclo of the firpplace 
in front. 

244. AdhesioD of Wheels to the Rails. — It waa a great 
difficulty with early locomotive en^eeis as to how thev 
should Becuie a proper amount of friction between a smooth 
wheel and a smooth rail. nence in early locomotive engin- 
eering we find geared wheels to the locomotives working in a 
rack oa the tramway, A difficulty did or does exist, for at 
slow speeds with full pressure of steam on the piston, it is true 
that Uie ordinary adheaiou of a single pair of wheels loaded 
with two or three tons only is nearly useless for any prac- 
tical purpose. From Mr. O. Eennie's experiments on fric- 
tion and the testimony of practical men, it is found that 
with extremely light loads upon &e driving wheels there is 
not sufficient adh^on. Were we now to employ weights of 
only two or three tons upon the driving wheels of locomotive 
engines when working at slow speeds, means would have to 
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be provided to prevent eHipping. Who has not seen the 
driving wheel slip when the engine is starting ) The adhe- 
sion of the wheels to the rails is reckoned at from -^th to -^th 
of the load, according as the rails are clean, peif ectlj wet, 
perfectly dry, ot partly wet. 

It has been found that a maximum adhesion upon a clean 
dry rail of three-tenths, and even three-eighths of the weight 
on the driving wheels is occasionally attained. This, of 
fourse, is much more than has been counted on by engineers. 
A better knowledge than was formerly possessed as to the 
amount of adhesion between the driving wheels and the 
rails has led to the working of steeper inclines, until, as an 
extreme case, loads have been taken in practice up gradients 
of one in ten, and no inclination less steep than one in forty 
is now considered a serious obstacle to the practical working 
of a large traffia 

245. Tractive Force. — ^The absolute tractive force required 
to draw a carriage over a good macadamized road is ^ of 
the load, but in locomotives at slow speeds on level rails it is 
considered to be about -^^ of the load. But, of course, the 
more rapid the speed the greater the tractive force required. 
The resistance due to the atmosphere increases very rapidly. 
It is from 12 to 15 lbs. per ton on a train moving at the 
rate of 30 miles an hour. At 44 miles per hour the resist- 
ance to train and engine is about 24 lbs. per ton ; at 60 
nules, 29 lbs. per ton. On rough roads the resistance due 
to the atmosphere increases as the square of the speed. 

The figure (p. 229) will show the arrangements practised 
by a few early engineers for securing adhesion. Mr. Blenk- 
insop, of the Middleton Colliery near Leeds, took out a 
patent for increasing the adhesion of the locomotive by gear- 
ing. The means he employed were a pinion working in a 
stout rack-rail running along one side of the line of railway. 
Murray's engine worked upon such a rack, as seen in our 
illustration. 

The longer the crank of an engine, and the shorter the 
radius of the driving wheel, the greater the proportion of the 
pressure on the pistons which will be exerted as tractive 
force on the rails. The tractive force varies from 6000 lbs., 
in the case of an express engine^ to 20,000 lbs. in the case of 
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a goods ffligine, and iheee are not tlie extremes. 

the Bpeed of the pistons to be the some, the expreaa engine 




mjBRAI 3 MCOUltnVB 



BLENEINSOP'S RiltWAY, 1812. 



vou}d move fastest, because its tractive force ia qvdte suffi- 
cient and the driving wheel much larger in diameter than 
that of the goods engine. To exert a great tractiye force the 
driving wheels of an engine must, by their friction upon the 
rails, have an adhesion equal to the tractive force. For 
instance, if an engine is to advance, the tractive foice being 
9 tons, the driving wheels must not slip until the resistance 
amounts to the same 9 tons. This adhesion is secured by 
providing sufficient weight upon the driving wheels. On a 
clean, Arj rail as much as one-fourth, and even more, of the 
total weight on the driving wheel is available for adhesion. 
One-aixth is, considering the ordinary condition of the 
weather and other contingencies, quite enough to allow. 
When half wet the adhesion is less than when thoronghlj 
wet. They are, in iact, what is termed greasy, and wa 
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must not reckon upon more than one-tenth^ or even 
less; but see art. 244, p. 227. 

246. Murray's Engine. — ^Here the boiler was cylindrical 
with ends slightly convexed. It had a single internal flue, 
with the fire at one end and the chimney coming out of the 
other. (To secure the greatest amount of evaporation the 
flue ought to have returned through the boiler.) It had 
two double acting steam cylinders, the ends of the piston- 
rods working in guides, while the connecting rods were 
coupled to cranks, which were made to work at right 
angles to each other — ^two on each side the engine. 
This is the arrangement adopted in modem locomotives, 
and Murray has the honour of first using it. The 
cylinders were upright, and are seen in the illustration 
half immersed in the boiler. The cranks drove a toothed 
wheel on each side the engine, each of these two wheels 
geared into another twice the diameter. On the axis of the 
larger toothed wheel was a coarse pinion (the one seen in the 
middle front of the figure) which worked in the rack laid 
along the railway. The rack rail was a clumsy afiair, and 
the necessity for its use disappeared as soon as heavier 
engines were constructed, and it became thoroughly under- 
stood that considerable adhesion existed between a smooth 
loaded wheel and a smooth rail. 

247. Hedley's Locomotive — " ^?%« Puffing Bitty r — 

Hedley, who had been employed at Wylam in altering one 
of Tre^thick's engines, first i^e a seiies of experiments to 
ascertain whether the ordinary adhesion of the wheels of an 
engine upon the smooth rails would be sufficient to give the 
necessary amount of friction to ensure the useftd application 
of the tiuctive force of the steauL It is claimed for Hedley 
that he was the first person " to adopt smooth wheels work- 
ing upon smooth rails." It is evident Trevithick had done 
the same before him. Hedley constructed the following engine 
to draw coals on a colliery tramway; and here we woula 
remark, just as the early steam engine was invented, im- 
proved, and developed to pump water from the mines of 
Cornwall and Devon, so the locomotive was introduced to 
draw coals fit)m the mouth of the pit to towns, iron-works, 
and smelting furnaces at a distance. The engine under con- 
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sideratioD had a vrong^t-iron boiler and a retani floe — the 
chimney being placed at the same end as the fire door. Two 




vertical cylinders were used, one on each side of the fiuther 
end of the boiler. The piston-rods were at one end linked to 
beams, which were centred at the other end — an arrange- 
ment known as the " grasshopper." The two beams a 



n the top of oar figure centred close to Uie chimney. The 
parallel motion may be noticed at the right end of -the 
" grasshopper," and the connecting rods may be observed 
attached to the centre of the beams (nearly). These two 
connecting rods communicated the motion of the piston by 
means of the cranks and toothed wheels to four wheels 
of equal diameter. In this engine Hedley was the firat 
(althouf^ Trevithick had previously suggested them) to 
embody two improvements of very great importance : (1) ho 
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employed the return flue boiler, whicK not only gave addi- 
tional heating surface, but rendered the course of the flame 
more effective on any given area; (2) he adopted a small 
diameter, about one foot for the chimney, which rendered the 
draught quicker than those of 20 and 22 inches used at 
Killmgworth. His waste steam passed up the chimney 
after being previously thrown into a cylindrical reservoir to 
keep down the noise. 

248. Stephenson'B Engine — ^' The Eocket" — Stephenson's 
life is the history of the locomotive engine. He found it a 
small imperfect engine, and after many trials and much expe- 
rience left it almost the perfect nia^hine we see it t<Hlay. His 
flrst engine, made to ^* lead" coals from the pit, was constructed 
at. Elillingworth in 1814; it was supported on four wheels 
three feet in diameter; it had a wrought-iron boiler with a 
single flue, the fireplace was within the boiler, and the two 
vertical cylinders were half immersed in the same. The 
motion was conveyed to thd wheels in the same manner 
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that Hedley had previously adopted, by the intervention of 
cranks and toothed gearing. The cranks worked at right 
angles to each other, and the pistons made two strokes for 
each revolution of the driving wheel. As seen in the figure, 
the axle of each pair of driving wheels had a 24-inch toothed 
wheel keyed on to it, and the axles being 5 feet from centre 
to centre they were geared together by three intermediate 
wheels of one foot in diameter. The centre wheel acted as a 
regulator, and preserved the two cranks at right angles, and 
thus kept the propelling power in equilibrium. This engine 
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did not answer very well, its radical defects were the single 
flue and the wide chimney; the waste steam does not appear 
to have been sent into the chimney. Stephenson soon aban- 
doned the toothed gearing to convey the motion to the driving 
wheels, and introduced springs to carry the weight of the 
engine. Springs were first used by Nicholas Wood. 

SJ49. Blast Pipe. — ^The discovery of the properties of the 
steam jet has been much disputed, some claiming it for one 
party, some for another. Its uses were fiilly understood 
before the year 1830. 

The annexed illustrations will show how the blast pipe was 
applied in the two cases of 
the "Royal George" on the 
Stockton and Darlington 
Bailway, by Hackworth, and 
by Stephenson in 1827, 
llie principle of the blast 
pipe has been previously 
explained. When the steam 
is introduced into the chim- 
ney, it causes a very power- 
ful draught by rushing up- 
wards and carrying with it 
the air, thus creating a partial 
vacuum, when the air rushes through the fire doors and bars 
to fill up the vacuum. In this act it carries a large amount 
of oxygen into the fire box, which assists in the more perfect 
combustion of the coke. The steam expands as it rushes out 
of the mouth of the blast pipe, and filling the chimney like a 
plug it not only drives all out before it, but drags with it the 
gases from the smoke box by mere contact. The degree of 
exhaustion in the chimney, or the vacuum, of a locomotive, 
is generally such as would support from 3 to 6 inches of water. 
The force of the blast gi'eatly depends upon the amount of 
contraction given to the mouth of the blast pipe, as seen in 
the foregoing left hand figure. The contraction must not be 
carried too far, for it is evident that if the steam cannot freely 
run out of the cylinder, a back pressure will be thrown on 
the piston. As there are two cylinders, the exhaust steam is 
led by a forked pipe, sometimes called a breeches pipe, toward 
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the chimney, vhicb joins immediately before it enters the 
funnel, where it stands up vertically in the centre. As the 
vacnum increases in the smoke box, so there is an increase <^ 
blast pressure. This no doubt arises &om the increase of 
speed, which means an increase in the rapidity at which one 
puff of blast succeeds another. 

2S0. The "Rocket." — This locomotive has been already 
referred to. The annexed fig\ire represente the engine as it 
appeared when it ran in the &mous Bainhill competition. 




efhbhbon's "eockbt." 1829. 

It was a four-wheeled engine supported on springs, and 

with a supply of water in the boiler weighed 4 tons 5 owt. 
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"BOILER OF ROCKET." 
1829. 



with its tender loaded it weighed 7 tons 9 cwt. Its boiler, 
of which the accompanying figure is a section, was cylindrical, 
6 feet long, with a diameter of 3 feet 
4 inches; through it passed twenty- 
five copper tubes 3 inches in diameter; 
these conveyed the heated air, gases, 
and other products of combustion from 
the "fire box" at one end of the boiler 
to the tall chimney, 12 inches in 
diameter at the other end, after pass- 
ing from end to end of the flue. The 
heating surface of this multitubular 
boiler was 117f square feet; the use of 
these tubes gained Stephenson his vic- 
tory, and laid the foundation of his fsime. The body of 
the figure on last page is the boiler barrel with the tubes 
inside. The fire box or furnace is represented on the left 
hand side close to the smaller wheel. It will be noticed that 
a small tube goes from the boiler barrel to the furnace, this 
was to allow water to run round the fire box casing; at the 
top of the fire box was another tube running into the boiler 
(in our figure it is omitted and hidden by the upper end of 
the cylinder), to allow the steam generated in the fire box 
casing to enter the boiler. The safety valve is the projection 
on the top of the boiler nearest the chimney. The cylinders 
were two, one on each side; one is seen to the left just above 
the fire box, inclining to the rails at an angle of 45°; this 
was a poor arrangement, as the pistons slightly lifted the 
boiler up and down on the springs. It is seen that the con- 
necting rods worked on crank pins on one of the spokes of 
the driving wheels, and thus the motion of an ordinary con- 
necting rod and crank was gained. The diameter of the 
cylinder was eight inches, and the stroke 1 6^ inches. The 
exhaust steam from each cylinder was carried through a pipe 
and turned upwards into the chimney, but the exhaust onfice 
was not contracted. 

The next illustration is the " Kocket" as altered after the 
trial in 1829, and as now preserved in the South Kensington 
Museum, London. A glance at it will show the improve- 
ments, and one or two things are plainer than in our pre- 



vioua figure. The long pipe running along the top of the 
boiler is the exhaust steam pipe. The ahort pipe to the right 




is the steam pipe, to allow the steam to pass from tbe boiler 
to the slidea and cylinder. The springs and crank are more 
plainly visible. 

251. Trevithiofe Claims. — "As a tme inventor no name 
stands in so close connection with the locomotive engine as that 
of Bichard Trevithick. It was he who first broke through the 
trammels of Watt's system of condensation, and low if not 
negative pressure. It was he who first employed the internal 
fireplace and internal heating sur&ce; he was the first to 
create or promote a chimney draoght by means of exhaust 
steam; the first to employ a horizontal cylinder and cranked 
axle, and to propose two such cylinders with the cranks at 
right angles to each other; the first to surround the cylinder 
with hot air; the first to draw a load by the adhesion of a 
smooth wheel upon a smooth iron bar; and the first to make 
and to work a railway locomotive engine. T^vithick and 
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Greorge Stephenson were contemporaries.* The first loco- 
motive seen by the latter was constructed by the former, and 
a personal acquaintance was afterwards established between 
them. Although irrelevant to the present purpose, it may 
be added that Trevithick patented the screw propeller, and 
specified several forms of that instrument, and various modes 
of applying it, in 1815 — ^years before those to whom the 
invention is more commonly ascribed had turned their atten- 
tion to it. Justice exacts the truth, however, that Trevi- 
thick's genius, brilliant as it certahily was, was of an imprac- 
ticable kind, and scarcely capable of conferring any (Urect 
benefit upon society. 

'' The next most deserving name in connection with loco- 
motive improvement is that of Timothy Hackworth. If he 
discovered no important principles, he stamped a character 
upon the structure of the locomotive engine which it still 
retains. What he did in this respect should be ever acknow- 
ledged. It does not appear, however, that Hackworth was 
ever placed in a position where he had to stniggle against 
and overcome the once strong prejudices of the public against 
locomotive conveyance upon railways. It is as the champion 
in that great contest that the name of George Stephenson 
must ever shine above all others^ and even Trevithick and 
Hackworth might have felt pride in having provided directly 
or otherwise the most important aids in the final achievement 
of the great victory of 1829." t 

252. Contrast between the ^^ Rocket" and Recent Loco- 
motives. — ^The cost of the " Rocket" was not to exceed £550; 
modem engines cost upwards of £2000. It weighed 7 tons 
9 cwt. with its tender; the working weight of some modem 
engines and tenders exceeds 45 tons. The driving wheel 
was 4 feet 8^ inches in diameter, and cylinders 8 inches, 
and stroke 16 J inches. Engines are now running with a 
driving wheel 9 feet in diameter, and cylinders 18 inches, 
and stroke 24 inches. The greatest speed attained by the 
" Rocket" on its trial was 24 miles an hour, for a distance of 
one mile and a half. Some of the express engines on the 

♦ Trevithick was bom April 13, 1771, and died April 22, 1833; 
George Stephenson was bom June 9, 1781, and died August 12, 1848. 
t Colbum's Locomotive Engineering, 
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London and Nortli- Western Bailway have attained a speed 
of 73 mOeBperhour between Holyliead and London. The 
pressure on the boiler was not to exceed 60 lbs, on the square 
inch when working, although the company- were to be at 
liberty to teat the boiler, ef«., up to a pressure of 150 lbs, on the 
square inch. Now new locomotiye boilers work at a pressure 
rarely lesR than 120 lbs. on the square inch, and many cases 
140 and 150 lbs. 

The student is invited to compare the "Bocket" with tb« 
engine on opposite page. 



DIVISION n. 

GenertJ DoBcriptioa of a LocomotiTe— Cramptoii'a Eu^neg — Tack 
Locomotive — Bogie — Locomotive Boiler — Shell of Boiler — 
Through Tie Bods— TubeB— Clearance— Fire Box— Staying the 
Furnace — Fire Bars — Ash Fan — Smoka Box — Heating Surface 
— Safety Valvea — Chimney — Damper — Steam Dome — Man 
Hole — Regulator— Whistle — Pressure Ganges. 

253. Oeseral Description of a Locomotiva.^ — ^This is one 




of the Great Western express engines, running on eight 
Theels; the large wheel is the driving wheel, the others uv 
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called the leading and trailing wheels; the chinmey'is seen 
on the right hand, the furnace on the left, and the barrel 
of the boiler with the tubes in the middle. Upon the top 
of the furnace is the steam dome and the safety valve. The 
springs for carrying the weight of the whole may also be 
noticed. 

The annexed illustration will give a much better idea of 
the locomotive engine and boiler than the last one. 

In this sectional elevation F is the furnace, with f the 
furnace door; the furnace is seen surrounded by the outer fir« 
box, but the screwed stays are omitted. Above and below 
B are the tubes running from the inner fire box to the 
smoke box S, one only is shown; around the tubes and above 
them is the water; lie level of the water is called the water 
line. Admission to the smoke box is gained by a door at 
d\ this door is fitted as closely as possible to exclude all cold 
air. At the top of the smoke box S, is seen the chimney 0, 
and within the smoke box is the waste steam pipe or blast 
pipe, B P, the mouth of which can generally be closed, or at 
least partially closed, to regulate the blast. The dome is at 
D, the steam from the boiler passes up D to the mouth of a 
pipe in it, this is the mouth of the steam pipe S P, generally 
closed by the regulator, which admits the steam to the 
cylinder; the l^gulator being opened, the steam passes along 
S P down the smoke box by way of P to the cylinder C, 
and sets the piston reciprocating; thus the engine is worked. 
In our figure the handle of the regulator is at A, and the regu- 
lator itself at r, the handle of course being worked by the 
engineman, who stands on the foot-plate, F P, at the back of 
the furnace ; the whistle is also close to his hands, whilst 
one of the safety valves, « v, or S Y, is under his control, 
generally 9 v, and the other he cannot interfere with. The 
man hole and man hole door are seen at M H, below the 
dome; the man hole door is taken off when it is wished 
to enter the boiler for examination, or to tighten the stays, 
etc. The large wheel in the middle is the driving wheel, 
turned by the crank, which is moved round by the con- 
necting rod c, which is attached to the piston rod t, the 
latter in its turn is firmly fixed to the piston. The fix)nt 
wheel next the chimney is called the leading wheel, 
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securely fixed on the leading axle, and the wheel to the right 
the trailing wheeL 

T 




gramfton's xngines. 

The above figure is another plan of arranging the loco- 
motive. The examples given on p. 238 and Plate I. have eighi 
wheels, the general run is six wheels with the large driving 
wheel in the middle; but in Orampton's arrangement the 
large driving wheel is behind. In his engines circular 
motion is first given, by inside cylinders, to a cranked 
ffbaft, supported on bearings fixed upon the frame in the 
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and motion is communicated from this ehaft 
to the driving wheels behind 
K\\ the fire box by s'de rods 
I II Wheii outside cylmdere are 
us d they axe placed midway 
u the length of the boiler 
nd connected directly to the 
nving wheel The upper 
fioTire IS Cramptons arrange- 
ment for outs de cylinder the 
lower for ms de cylinders 

2M Tank Locomotive -> 
Ta ik locomot ves are advocated 
jn oppos t on to those of ex 
ces. ve weight to save the enor 
moua dead weight and are 
gene -ally very 1 gbt They are 
constructed with a tsJik usually 
o er the boiler and occasion 
ally at the b des so that they 
can carry their own water 
without bemg compelled to 
drag a tender after them bemg 
independent of that seemingly 
fixed appendage 

256 Bogies —The bogie is 
a truck on four wheels that 
will swivel roimd Bogie car 
nages generally run on ei^t 
wheels They v&re mvented 
to meet the necessities of the 
American traffic where m 
passmg through streetB it waa 
Bometmies necessary to turn 
roimd very sharp angles. Mr 
Stephenson constructed the 
first bogie for America The 
engme was made two-wheeled, 
ajid a small truck on four low 
wheels supported the front end. 
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being swivelled to it by a centre pin, or wbat the high 
road people call a perch bolt. This kind of truck, known in 
many places as a lorry, a trolly, and many other names, was, it 
appears, called in Newcastle a bogie, and the engine was 
therefore shipped as a bogie engine. It became the pattern 
or type for American locomotives."* When the engine 
or carriage is long, two bogies are employed with four wheels 
each. 

In the example here given, the engine is on two trucks. 
The one end can be turned so that the double sets of wheels 
are not in the same straight line. In practice it is found 
that bogie carriages bring a great strain on curves. In the 
"Little "Wonder," which works on the Festiniog Railway, 
constructed to a gauge of 1 ft. 11^ in., or the two foot gauge, 
the boiler is double, with two fire boxes, two barrels and two 
sets of tubes, and two chimneys. A bogie or swivelling 
truck is placed under each barrel, and each bogie has two 
pairs of wheels coupled together, working independently by 
a pair of steam cylinders to each. 




LOOOMOnVX BOILER. 

256. Locomotive Boiler. — ^All locomotive boilers are of 
the class termed multitubular : they consist essentially of the 
barrel filled with tubes, while the two ends are named 
respectively the furnace, or fire box, and the smoke box. 
Boiler {plates should be rolled from the best iron to about 

f Clsffk^B Jtailvmy Machinery. 
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three-eightlis or half an inch in thickness; these form the 
barrel, which has a diameter varying from three feet to four 
feet three inches in different boilers, and consists of three or 
six plates for each boiler, and their joints are arranged to 
give as much strength as possible. 

d is the barrel of tubes, /is the fire box. The fire door 
is seen at the end, in front of which stands the driver and 
fireman, the latter supplying the engine with coke by throw- 
ing it into the furnace ; the fire door is always oval, e is the 
safety valve ; there is also a second safety valve sometimes 
placed on the top of c, the steam dome or chest, b is the 
chimney, bolted on to the top of the smoke box a. 

The aheU of the boUer is usually made of best Yorkshire, 
Stafibrdshire, or Lowmoor iron. The thickness of the plates 
varies from f to ^ of an inch, according to the diameter of 
the barrel of the boiler, which rarely exceeds 4 ft. 3 inches 
inside. The joints are either lap or jump joints ; if the first 
mode is adopted they are made to lap 2 inches or 2^ 
inches for single riveting; when jump joints are employed, 
4 or 4^ inch welts are applied to the seams, and secured to 
the boiler plates by two rows of rivets : the plates are or 
ought to be planed at the edges. The riveting is usually 
single, but for strength it should be in double rows in a zig- 
zag course. The rivets in size are from f inch to f inch in 
diameter, being placed at a pitch (from centre to centre) of 
from If inches to IJ inches. The barrel of the boiler is 
usually joined to the fire box and smoke box tube plate by a 
three inch angle iron. In the fire box shell the front and 
back plates are joined to the others either by three inch angle 
iron, or by flanges turned on them to a four or five inch radius; 
the former is the simpler process, but the latter the stronger, 
fixing them more securely, and is the plan generally followed. 

267. Through Tie Bods run from the smoke box tube 
plate to back of fire box; they are about one inch in diameter 
and four inches from centre to centre. Their number depends 
upon the size of the boiler. They are put in to stay the i 
boiler, and to assist the tubes in preventing the two ends from i 
being blown out by the force of the steam. 

268. Tubes. — ^The tubes may be of brass or iron; copper is 
too soft, brass is also better than iron for several reasons. It 
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conducts the heat better^ or communicates the motion of the 
fire more readily to the water than iron, and also resists the 
abraiding action of the small coke carried through the tubes 
bj the draught; it resists the action of impure water outside 
better, springs more easily under extra expansion, and is not 
so liable to break as iron is. Economically, brass tubes are at 
least as cheap as iron, as they will fetch when worn out half 
their original price for old metal. Tubes are fixed in the 
tube plates by widening with a mandril to fill the holes 
completely, turning over their protruding ends upon the 
plates. At the fire box end, ferules of wrought-iron, and 
in some cases of cast-iron, about an inch in length, slightly 
tapered, are inserted, and should, when driven, be left with 
about a ^ inch projection into tiie fire box, so that should 
any of tne tubes spring a leak on the road they may be 
tightened by a tap or two from the end of a pinch bar. 
Ferules at iie smoke box end are frequently omitted, which 
gives a free passage for small coal and cinders into the smoke 
box. Tubes are either of equal thickness throughout, or of a 
tapering thickness, from No. 9 wire-gauge at the fire box to 
No. 14 at the smoke box. Tubes wear imeqaally on the 
inside, and mostly at the fire box end. The first foot or 
■ eighteen inches should therefore be a little thicker than the 
rest of the tube. The number of tubes in a locomotive boiler 
varies from about 130 to 220. The distance between the 
tubes^ called the clearcmce, is from fths to fths of an inch; 

but the larger tiLe tubes the greater the 
clearance. The size of the tubes varies 
from If to 2 inches in diameter; they 
must not be too small, for fear of being 
choked, nor too large, for then the heat- 
ing suif ace is diminished. If too small 
they are perhaps too numerous and 
crowded, when the water spaces are not 
of sufficient size to prevent priming, 
which is a serious evil if not effectually 
prevented in time, neither must they 
be too long, as the evaporative power 
END 09 TUBE AS SEEN of the heated gases rapidly diminifjies 
IN FIRE BOX. as they recede from the fire box. 




246 8TEAH. 

269. The Manner in which the Tubes are Fastened 

into the Tube Plates. — ^This has just been explained^ and 
we illustrate it here : — ^T P represents a piece of the tube 
plate; t'tttt' is the brass tube, which, when driren in, 
projected a little beyond the tube plate, then the end was 
turned over on the plate as we see it at ^ and t} thus 
they are all left at the smoke box end, but at the fire box 
end they are farther secured in their places by the ferules F. 

260. Clearance. — Clea/rcmce is the space between the 
tubes, and between the tubes and the boiler shell. It is 
required to allow a proper circulation of the water and 
steam aroimd and between the ikubes, and to give the steam 
plenty of room to rise, instead of remaining in contact with 
the tubes. 

261. Pire Box or Pumace. — The fire box consists of two 
distinct parts, the external fire box, always made of wrought 
iron, and the internal fire box, or furnace proper, of copper. 
The staying of the fire box is a question of the greatest 
importance, especially of that part immediately above the 
fire. Occasionally the internal rectangular fire box is of 
iron, but copper is found to answer better, because it resists 
the intense combustion and conducts the heat more rapidly, 
and is not so liable to be burned away and ruptured at the 
thick lap joints and places where the sediment collects. The 
internal fire box is fastened to the external by screwed stays, 
screwed through both plates, and their heads left and riveted 
over. The space between the two is a water space. 

In this figure (Plate II.) the part marked b b, etc., is the space 
between the internal and external fire box, the latter is seen in 
section on the outside, the former is seen inside the other ; the 
short bolts running across are the screwed stays, many of the 
ends of which are seen at the front* of the fire box at gg, 
etc. The tubes B are marked by double circles above, there 
are about 178 of them in this boiler. The water spaces 
between the two fire boxes completely surround the inner fire 
box; it will be seen closed at the bottom by a square bar 

* The front of the fire box is what would be generally termed the 
t>ack, ie., the front is the part nearegt the tubes, so that the other 
aide, where the door is, is the b<ick, jCho engineman stands at the 
back of the fire box. 
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o e, which is bent and welded to the proper form, to extend 
round the bottom of the inside fire box, and is rivetted and 
tightly caulked to both fire boxes. The water in the water 
spaces is in &ee communication with the rest of the water in 
Uie boUer. , 

ThejSre Jtw* are seen at//, etc., and the manner in which 
the top of the furnace is Btayed is seen at a a a, etc 

""1. Stayingoftta Furnace.— The staying of the furnace 
~~ " renders this end the strongest part 

of the boiler. The Jlat top is, of 
course, equally bad witli the flat 
sides without the stay bolts, for all 
flat surfaces in a boiler are inhe- 
rently weak. The tc^ cannot be 
satis&otorily secured by stay bolte. 
The following plan is adopted: — 
Across the roof of the fire box are 
i placed nine or ten roof itayg, or cross 
I stays; AB{fig. 3) is one of them, they 
I are placed four inches from centre to 
I cen'b«, these roof stays are firmly 
I bolted to the top of the boiler, as 
seen at a a a. The roof stays are 
farther secured by miapension stays, 
or hangiag stays s s, to the outer 
fire box, in the manner shown very 
cleariy in tho figure at C C. Those 
in the upper figure are a little dif- 
ferently arranged to those in the 
lower, but the principle is the same 
in both. The roof stays are firmly 
bolted to the roof of the fomace, 
then suspension stays extend from 
the fire box roof stays to the top of 
Uie outside fire box. 

26S. Fire Ban.— Fire bars of 

wrought iron support the fire and 

separate the fire box from the ash 

pan. They are laid on a frame 

which rests on bolts or brackets in the side of the fire box. 




It is fonnd that t^^'Tx deep fire baxs, laid close together, ace 
much better adapted for the purpose of a locomotiTe tliaa 
lai^r ones. The £re bars, &om Hie intense heat of the 
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furnace, -wear or t>tim away veiy rapidly. They axe 
frequently bent — tlus arises ihmi the softening of the iron 
from intense beat— when they drop, because they are not 
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capable of sustaming the weight of the fire. Fire bars are 
about 4 inches deep, f of an inch thick on the lower edge, 
and double that thickness at the upper, so that they are more 
widely separated on the side next the ash pan than on that 
on which the fire lies ; they are so placed that the top of the 
bars are above the bpttom of the water spaces by 2J or 3 
inches. The fire bars are marked distinctly on Plate II., 
page 246, at ///, just above the ash pan A P. 

264. Ash Pan. — ^The ash pan is placed directly under the 
fire bars, and is a simple wrought iron tray about ten inches 
deep, the bottom being nine inches above the level of the rails. 
It must be carefully fitted and closed all round, so that the 
draught shall not be impeded, while the engine driver can 
use it as a damper to regulate the supply of air. Again, it 
should be so arranged that when the engine is running the 
air impinging against it shall be directed into the furnace* 
Its purpose is to prevent cinders and live coals from falling 
upon ihe line, for this, in early locomotion, caused several 
fires. There is another reason for it, as hinted above. When 
the engine is standing still it is often important to stop the 
generation of steam, this is partly done by allowing as little 
air as possible to gain access to the furnace, hence the ash 
pan is made to fit tightly to the fire box on all sides ; but the 
front side can be opened and closed at pleasure, like an 
ordinary damper, which is adjusted by a rod worked from 
the foot plate. When the engiae is running rapidly with 
the damper opened, advantage is gained by the air rushing 
into the ash pan, and thence into the furnace. At sixty 
miles an hour the pressure of air would be nine pounds per 
square foot, hence its advantage is at once apparent. The 
aah pan is at A P in the illustration on Plate II., page 246. 

265. Smoke Box. — ^The smoke box is at the farther end 
of the engine to where the driver stands, or at the front of 
the engine exactly under the chimney. The heated air and 
products of combustion pass from the internal fire box 
through the tubes into the smoke box, and then are carried 
up the chimney. Access is given to it by means of a door, 
generally swinging on two hinges, which is kept fixed in its 
place as air-tight as possible, by means of bars, catches, and 
handles. Sometimes the door is in two parts^ folding or 
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overlapping in the middle, and closed by a bar, handles, and 
catches also. In the smoke box is placed the blast pipe, and 
the steam pipe runs down it to the cylinders at the bottom. 
Its use is to contain these, and to allow the tubes to be 
cleaned out, and to gather the soot, bits of coke, etc., that 
may be carried through the tubes. The smoke box is seen 
at S £. 
266. Heating Surface of Fire Box and Tubes^ and Qrate 

Surface. — ^It has been most distinctly proved by experiments, 
that most of the heat passes into the water from the £re box 
and the first foot or two of the tubes, and very little indeed 
from the further end of the tubes, and that long boilers do 
not attain any economy of fuel. Taking an average con- 
sumption of fuel, the evaporation due to the first quarter of 
the length of tubes is 21 per cent.; that of the second 
quarter of the length of tubes, 16 per cent.; of the third, 12 
per cent.; and the last quarter length 8 per cent, leaving 
43 per cent, for the fire box. In l£e working of railways, 
from 100 to 200 cubic feet of water, or from 2*8 to 5*6 
tons, must be evaporated per hour to produce the necessary 
steam to move an ordinary train at the usual speed. A 
square foot, of heating surfia^e cannot, under any circum- 
stances, transmit more than suficient heat to evaporate one 
cubic foot of water in an hour; altogether nearly a square 
yard of heating surface is requisite for the evaporation of one 
cubic foot of water per hour in locomotive boilers. The total 
heatiog surface is fix)m 1000 to 1500 square feet. In the 
fire box itself there are about 90 square feet of heatiag surface, 
and in practice from six to twelve times this heating surface 
must be provided in the tubes. The fire grate surface varies 
from 12 to 30 square feet, but about 15 square feet is the 
usual rule. It is easily proved that the smaller the diameter 
of the tubes, by so much the more is the proportion of their 
heatiag power increased. By doubling the diameter of a tube 
we double its heating surface, but we increase the space it 
occupies fourfold. In proportk)ning the number and diameter 
of the tubes to the area of the fire box surface, it is best to 
keep them to a definite proportion ; it is also considered that 
there should be a certain proportion between the area of the 
fire grate of the furnace and the area of the opening through 
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which the hot gases escape from the fireplace. The size of 
this opening is named l3ie calorimeter, which is sometimes 
taken as showing the evaporative power of the boiler, but 
this is not a wise test, as a large calorimeter can easily be 
procured by a few large tubes. 

The top row of tubes — ^they are generally about 2 inches 
in diameter, from 19 to 12 feet long, and number from 100 
to 200 or more— is covered by from six: to eight inches of 
water. It must also be remembered, in arranging the fire box, 
that more heat passes into the water frt)m the top of the 
furnace than from the sides, because the convected water and 
steam can rise up more readily in the one case than in the 
other. It is sometimes the practice to incline the fire box a 
little. 

267. Fuel and Evaporation per Honr. — The highest 

rate of combustion may be taken as one hundredweight of 
coke per howr on each squa/refoot of grate ev/rface; this evapo- 
ra^, at the maodm/u/m rate, sixteen cvMc feet of water per 
square foot of grate su/rface per howr. (Taking a pound of 
coke to evaporate nine pounds of water.) 

268. Safety Valves. — Two openings are made in the 
upper part of the boiler, which are covert by discs or valves. 
T3iese valves are held down on their seats by levers; one arm, 
the shorter one, is secured directly to the boiler, while the 
other arm, the longer one, is held down by a stout spring 
balance, so screwed down that the valve can only rise when 
the pressure of the steam in the boiler becomes greater than 
the spring can resist. These valves are named safety valves, 
because by rising when the pressure of the steam exceeds the 
intended limit, they allow it to escape, thus preventing any 
excessive accumulation of pressure whereby the safety of the 
boiler and persons around are endangered. The safety valve 
does not show how much the pressure of the steam may be 
below or above the proper limit; this is shown by the steam 
or pressure gauge. The safety valve of a locomotive should 
be placed as far from the dome as convenient^ in order to 
prevent priming. 

There are two generally fitted, one placed beyond the con- 
trol of the driver and the other near him. They are kept 
in their places, one by a Salter's spring balance^ and the other 
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is held doinii directly hy a Bpiimg eecored to tlie top of tlie 
valve, and hence it has no lever; weights are inapplicable to 
the case of the locomotive, because tbey iroidd jerk op and 
down with the vibration of the en^e. The safety valves 
vary in size from 1^ inches in diameter to i inches; bnt the 
general size is about 3 inches. I^rge. safety valves are not 
so likely to set on their seats as smaller ones. The lever by 
■which the Salter's spring balance presses the valve on to its 
seat is generally graduated, according to the area of the valve. 
If the valve b« 10 inches in area, the lever is divided into 
11 parts; the eafety valve lever presses on the valve at 
the £r8t division, leaving 10 divisions on the long arm 
and one on the short arm; thus the pressure per sqnare inch 
.1 ilie fcu,f'-'ly valve is exhibited. They vaiy in shape in some 
engines ; ft^ti'il ftr valves are used in which the 
steam escapee round the edges of two circles. 
The annexed figure illustrates a very good 
^ve used by Mr. Gooch. It is constructed 
somewhat on the principle of the st«am indicator. 
To the above valve there is no lever; the 
spring balance is placed on the top of the valve 
iteelf, which is 1^ inches in diameter. The 
steam enters at S, when acting on a a against 
the spring in the barrel B; ^e force of steam 
compresses it until it acts by allowing the steam 
to pass through b. 

269. Chimney. — It is usual to term it a 
chimney, not a funnel. The height must not 
exceed fourteen feet above the level of the 
ndls ; they are made of wrought iron, and pro- 
ceed directly from the top of the smoke box to 
which they are bolted. Their relative sectional 
EU<e8 to that of the fire grato is about one-tenth, 
or they should properly be a little less in 
I diameter than one of the two cylinders, which 
I is considered a good proportion. Their drawght 
J°does not depend upon tiieir height; or, mther, 
I the draught depending upon the rush of waste 
_ steam, it matters little what height they are, so 
s they convey the steam, smoke, ete., away &om the 
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driver and fireman. A damper is generally provided, as 
seen in our figures, near the end of the blast, pipe; but the 
damper is so arranged that the nozzle of the blast pipe passes 
through it. It consists of a disc of metal. 

270. Dampers. — Besides the disc damper referred to 
above, placed across the chimney, the front of the ash 
pan is always so arranged as to act as a damper, by regu- 
lating the supply of fresh air to the fire. The most effectual 
dampers are iliose placed at the smoke box end of the tubes, 
consisting either of a perforated plate with circular holes 
corresponding to the number and end of the tubes, which 
slides so to either completely close or leave open the ends 
of the tubes, or else it consists of thin strips of metal 
arranged and acting on the principle of the Venetian blind, 
by these the tubes can be left fully open or closed, or partly 
closed, so as to check the draught according to the judgment 
of the driver. 

271. Steam Dome and Prevention of Priming. — The 

position of the steam dome varies, but it is always bolted to its 
seating, which is riveted on to the top of the boiler, sometimes 
immediately over the external ^le box, and sometimes towards 
the middle of the barrel of the boiler. Within the steam 
dome is placed the end of the steam pipe, and it is here placed 
so that the steam shall enter it as far from the water as 
possible. It is sometimes known under the name of the 
Separator, because by the steam entering the steam pipe 
within the dome, a better chance is given for the spray pro- 
duced by ebullition to separate from the steam — ^thus priming 
is prevented. Sometimes the safety valve is placed on the 
top of the steam dome, but this is considered an objectionable 
practice, as it should be as far away as possible from the 
steam pipe. A baffle plate of brass, shown by the line 
A B in the figure (p. 255), is fixed above the water line 
at the entrance to the steam dome — it is thoroughly per- 
forated; as the steam runs towards the mouth of the steam 
pipe M, it impinges against this perforated plate, and in 
rushing against the plate and passing through the holes, the 
water that has come away with the steam is knocked out — 
the whole arrangement is thus found effectually to prevent 
priming. Another mode of preventing priming is by placing 
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the steam pipe as near the top of the boiler as possible, and 
allowing die steam to enter through holes in the top, before 
which are placed a smaller baffle plate j this has been 
already explained. The dome is bolted to its seat, which 
is riveted on to the top of the boiler or fire box — ^the former 
is the more preferable plan by far — and the joint is made 
steam tight, as explained under the next heading Man 
Hole. Its form varies as much as its position, depending 
upon the taste of the maker, but the majority are either 
hemispherical or have hemispherical tops. It is usually 
worked out of one plate, with a spherical top, or finished 
with a dished cover of plate, or cast-iron. 

272. Man Hole. — ^The man hole is to gain an entrance to 
the interior of the boiler. Ko special man hole is required, 
as the dome can be taken off, and admission thus gained to the 
boiler j but when fitted, it is frequently over the top of the fire 
box, or near the chimney, or on the dome seating. Near the 
fire box is the best place, as the stays can easily be reached. It 
is about 15 inches in diameter, sufficiently large to admit a 
man's body. The door of the man hole must be attached 
with a 8t^-tight joint to the top of the boiler; it is ten- 
dered steam-tight in the ordinary way, by the use of canvas 
and red lead. Sometimes the molecular force of expansion 
is made to render the joint steam-tight thus : — Soft copper 
wire is laid on the joint, then the cover is brought down on 
to it and screwed up as tightly as possible, then, when the 
steam is up the heat causes the copper wire to expand; the 
greater the heat, which, in this case, may represent pressure 
of steam to escape, the greater the expansion of the copper, and 
the more steam-tight the joint. It is made with a necking 
formed of thicker metal than that of the boiler, and flanged 
to join it. The upper flange is planed to receive the cover or 
dome. 

278. Begnilatori or Steam Segulator. — ^This contrivance 

is to regulate the admission of steam to the cylinders from 
the boiler. They are made in various forms, but are chiefly 
of two classes : (1) Those formed on the principle of a conical 
valve and seat ; (2) those constructed like an ordinary loco- 
motive slide valve. 
C is a lever, or else an eccentric worked by the regylatvng 
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handle, which is dose to, or withm easy reach of, the engine- 
driver. This lever, or eccentric C, being moved, the slide M 
is brought down, and &ee exit is given to the steam in the 
boiler, so that it can readUj pass down the steam pipe S P 
t« the cylinders. Sometimes these valves are arranged pre- 
cisely on the same plan as a ventilating grate in the floor of 
a buildiug, where a very slight turn gives a large passage for 
air, in this ca^e steam. 
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274. Steam WMstle. — The steam whistle is a device 
attached to looomotivefl for giving warning that the train 
is approaching, moving, etc. It maialy consists of a pipe 
fastened into the top or end of the boiler, with a cock 
within easy reach of the engine driver. When the steam is 
turned on, it issues violently out of a circular opening and 
Strikes the rim of a bell-^ped piece of brass (ita edge 
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being placed exactly over the circular opening), with suffi- 
cient force to make 
the whistle heard 
at a very long dis- 
tance. The prin- 
ciple is simply this: 
— ^When the handle 
H is turned, the 
steam coming fix>m 
the boiler passes up 
S P, and out aU 
round the edge of 
8 8 through the cir- 
cular opening e e, 
then impinging with 
great force upon the 
edge of 8' 8* it sets it 
vibrating, the vibra- 
tions communicate 
their motion to the 
STEAM WHISTLE. aoT and mould it in- 

to a series of sonorous waves, giving us a high note of so shrill 
a pitch that it can be heard at a very considerable distance. 

There are generally two whistles — ^the shrill one for 
ordinary purposes, and a deeptoned one to attract the 
guard's attention. It is usual now to arrange the guard's 
whistle, so that both the driver and guard can sound it. 
The cord that runs along from one carriage to anoth^' is in 
connection with this whistle, and if the passenger pull this 
cord he will sound the deep-toned whistle. 

By comparing the steam whistle we have just explained 
with the next two, it will be seen that no difTerence in 
principle exists between the first used and those with modem 
improvements attached. The left hand one is a sectional 
view of the first locomotive whistle ever used. It was 
made in 1835 ; the right hand one is a section of the first 
steam whistle ever employed, which was at the Dowlais Iron 
Works in 1833, where it is supposed to have been invented 
by WiUiam Stephens, a working man. It will be observed 
that the steam is xnade to pass round a tapering funnel with 
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its wide month npwards, and aa it comes out it is com- 
pelled to impinge upon the edge of an inverted hollow 
cylinder. Experience has given a thinner edge to the upper 
part or cylinder. 
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S70. Presaore Oftu^.— The reader is referred back to 
the gauges used in the marine steam engine, as described on 
page 153, et eeq. 

But we would add a few remarks to these. The genentl 
use of the steam gauge has not only given additional security 
in &B working of all steam engines ; but, serving as a guide 
to the enginemen, it has been the means of effecting a con- 
siderable saving of fuel, by enabling them to muntain the 
proper pressure without, as in old times, letting the steam 
vigorously escape at the safety valves. Engine drivers once 
held it to be a good sign tiiat they were properly attending 
to their fires when the safety valves were continuously 
roaring, and De Fambour estimated the total steam lost on 
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the Liverpool and Manchester Railway, Ijy this blowing off 
at the safety valves, as one-quarter of the whole steam 
generated. 

When steam is raised, the safety valve fixed, and the fire 
under the boiler, the pressure and temperature increase very 
rapidly, hence the necessity for continual watchfulness, to 
see what pressure the gauges indicate, and to ascertain 
whether the safety valves are properly acting. In some ex- 
periments made with a locomotive boiler, the pressure being 
at 32 pounds, and temperature 133^°0., and the fire kept as 
regular as possible, in three minutes the pressure was 44J 
pounds, temperature 141J°C.; in three minutes more, pres- 
sure was 57f pounds, temperature 149°C.; in three minutes 
more, 74:f pounds, temperature 155|^; or in nine minutes the 
pressure increased from 32 to 74:f pounds, or much more 
than double its pressure — a most astonishing increase. This 
will, perhaps, explain a few boiler explosions that have hap- 
pened while engines were stationary. 

276. A Fusible Plug is screwed into the crown of the fire 
box (for description, see page 143). These plugs are not 
always to be relied on, as i^ej sometimes become encrusted 
and do not operate; but, with a properly kept boiler, they 
are a useful precaution against accidents. 



DIVISION in. 

THE WATEB FOB A LOCOMOTIVE. 

Water Tanks — ^Water Cranes — Feed Pump — Giffard's Injector — 
Gauge Cock — Glass Water Gauge — Screw Plugs — Scum Coeks 
— ^Blow-off Cocks — Heating Cocks. 

277. Water. — ^The boiler of a locomotive engine is filled 
so that the water stands a few inches above the top of the 
fire box. It is admitted to the boiler by means of pumps 
and ball valves, or by Giffard's injector. 

278. Water Tanks. — ^Walls, or small buildings of sub- 
stantial masonry, supporting a large tank for water, are 
generally seen by the side of a railway station; they 
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supply the engine with water. Water tanks are usually 
rectangular, from five to nine feet deep. They are, at the 
bottom, at the least, twelve feet above ^e level of the rails, 
so that there is constantly a sufficient pressure of water to 
fill the tender quickly. Tanks are either filled by allowing 
the water to run into them from a higher level, or by 
pumping up the water by means of an engine from a lower 
leveL This is the general plan when the engine, boiler, 
pumps, etc., are housed under the tank. The water tanks 
are made of boiler-plate iron, «iid supported by cast-iron 
beams running in a row under each seam of the tank. 
They are also made of cast-iron, supported by cast-iron 
beams across the tank from side to side. The engines pre- 
ferred for the purpose are vertical, and the pumps double- 
acting. 

279. Water Crane. — ^The water is drawn from the tank 
at the bottom, and passes through a cast-iron pipe to the 
water crane. It is allowed to pass into the mouth of this 
cast-iron pipe by a valve which has the fulcrum of its 
lever on the side of the tank, the valve is lifted for the dis- 
charge of water by a chain hanging down outside within 
reach. 

fig. 1. is a water crane of the usual construction. A B is 
the simng pipe, balanced on a vertical pivot at C, within the 
cast iron column C D; it will, therefore, swing round into 
any position convenient for filling the tender with water. H 
is a leather hose at the extremity of the swing pipe for the 
convenience of the engineman. E is a shut-off screw valve, 
to allow the water to pass up the column D C when the 
handle is turned, and to stop the supply when sufficient has 
been delivered into the tender; the valve e is screwed up 
when water can pass from W. It will be seen that its 
action is exceedingly simple. Water passing from the tank 
by way of the pipe W is allowed to run through the valve e 
by turning the handle at the top of the shut-off screw E, it 
then goes upwards through D C, along C A, and into the 
tender by H. B is a weight to counterpoise tibat of A C, so 
that no undue strain comes on the vertical pivot G; also, by 
its momentum, it assists in turning the arm A C. It will be 
observed at C that the pivot has a brass bearing, which has to 
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be fitted viGi considerable care. F P iB a fire pltuK, eo tbat 
in winter the column can be vtumed and the water unfi-ozen, 
or prevented from freezing; the products of combustion pass 
out througK a number of small apertures provided for the 
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purpose at L. E. is a pillar fountain, from wliich water can 
be taken, by turning the handle at the top, for cleansing and 
other purposes; an hose can be attached to it for the con- 
venience of watering and cleaning. 

The wall water crane is eimpler in its details than the 
one just described, but not always so well adapted for its 
purpose, as it makes no provision for the extreme coM of 
winter. It swings at the bottom A on a bracket bolted to 
the wall, and at the top B it is supported by the supply 
pipe D C, into which it is pivoted. Th'b engine driver pulls 
the handle H, when, by means of lever C, a slnice valve is 
pushed back within D, when the water runs along the 
supply pipe I) C, and into the swing pipe, as before, to 
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the tender throngli the leather hose at the extremity of the 
supply pipe. Hie tank b Been in its proper pOBition. 




— The feed ia either supplied by 
_ _ 1 to the fire box, and of vhich a 

descriptioQ has been already given, or else by en ordinary 
double-acting pump worked off the crosshead of the piston- 
rod, or &om one of the eccentrics on the crank axle. When 
the former method is adopted, the ram is about 1§ or 2 
inches in diameter ; bot in the latter arrangement the ran 



must necessarily be of greater diameter, about 4 inches, as the 
stroke ib so much Bhorter. 

The water ia kept in the tender T. The handle at A is 
turned, vhen the ping p ia lifted and the water runs down 
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phchy gravity. At 6 is a ball and socket joint, so that tho 
pipe b c (this part is generally called " b^s") is capable of a 
alight vertical and lateral motion. From rf to a is a telescopic 
joint, which admits of a longitudinal motion in and out. 1% 
ifi thua that all the motions <£ the train are provided for^ 
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and that the joint is rendered water tiglit. At c it is screwed 
on the pipe leading to the engine and boiler. This tube 
leads the water to W in the next figure, which gives us two 
views of the feed pump, p is the plunger, a side view of 
which is shown at A. The eye of the plunger rod is &stened 
to the crosshead of the piston, but sometimes to the back of 
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the eccentrio to the eye at G, as seen in fig. page 279. 
The plunger is veiy small, not more than 2 inches in diameter. 
As it moves to the right a vacuum is left behind it, and the 
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water rises through the valve v ; next, as it comes back, the 
water is forced along the deKvery pipe from v' to «", through 
the ball valves v' and v", into the boiler at £. The object of 
the third valve at w" is to prevent the pressure of the steam 
from forcing the water back upon the other valves. The 
lift of the valves is very small, not more than ^ to -^ of an 
inch. Above each valve is a guard to keep it down to its 
seat ; for, if allowed to rise too high, the force of concussion 
would be sufBciently great to destroy the valve seating. When 
no feed is required the water is shut ofT at the tender. These 
feed pumps only work when the engine is moving. Some- 
times it may be noticed that engines are running backwards 
and forwards a short distance near a railway station. It is 
that water may be pumped into the boiler. When Gi&rd's 
"1, there is no necessity for this. It was a 
custom to fit a small donkey pump 
for the purpose of forcing Vater 
into the boiler whea the engine 
waa stationary. The capacity of 
the pump, t'.B., the area of the 
plunger or ram, multiplied by the 
length of the stroke, should be 
from w\j to ^ of the contents of the 
cyliniier. M«h pump or injector 
^ould be capable, singly, of keep- 
ing up the feed. Two are fitted 
in ease one should be disabled. 

28L Qan^ Cooks, — ^When the 
boiler is first filled with water, it 
is made to stand a few inches 
above the fire box. In order to 
know when the water is at the 
proper height in the boiler, there 
are fixed in the back or side of 
the fire box two brass gauge 
cocks. One is a few inches above, 
and the other as much below, the 
proper level of the water in the 
boiler. The cocks are connected 
with a glass tube, the whole forming the Glass Water 
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Gauge. Both cocks are kept open in communication with 
the boiler, so that the water can freely pass through the 
bottom cock into the glass tube, and the steam as freely 
through the top one. The water within the gauge has thus 
the same level as that in the boiler, and the driver has only 
to look at the glass to see the height of the water in the 
boiler. When the feed pumps are at work, he watches it 
till there is a sufficient supply in the boiler, and afterwards 
he has to notice that it does not get too low through the 
evaporation of the water. In addition to this there are fitted 
three gauge cocks at the back or side of the fire box at difierent 
heights, between the extreme limits admissible for the water 
level. By trying these cocks successively, the engineman can 
judge, according as steam or water issue from them, at what 
height the water stands in the boiler. 

W is the water in the boiler, w L is the water leveL The 
water passing from the boiler enters at a\ and stands the 
same height in A B, the glass water gauge. The handles H 
and H, when turned, allow water or steam to issue from 
the boiler, and clean the gauge out. It is the duty of the 
engineman to turn these handles now and then, for fear the 
gauge may be choked at a, or a, or at B and A. 

&B2. Screw Plugs. — ^To facilitate the washing out of the 
boiler, a screw plug, about 2 inches in diameter and slightly 
tapered, should be fitted at each comer of the fire box, with 
as large square heads as the plugs will admit, to bear the 
strains of the screw key. llie plugs should be of hard 
brass, and threads cut to a fine pitch, to give them a good 
hold on the metal ; sometimes a lining plate is inserted at 
the comer to increase the hold of the plug, and reduce the 
liability to leakage. 

288. Scum Cock. — ^This cock is fixed on the back of the 
fire box at the ordinary water level, with U inch copper pipe, 
carried down below the foot plate, to draw^'off the iipuritiTs 
which rise to the surface of the water, and which, whilst there, 
fr^uently cause the boiler to prime. 

284. Blow-off Cock is also fixed at the back or side of 
the fire box, but at the level of, or as near as practicable to, 
the ring at the bottom of the water space between the in- 
ternal and external fire boxes, and is for the purpose of 
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blowing the water out of the boiler when required. There 
are two other cocks fitted to all locomotiYe boilers, viz., the 
blower and the warming cock ; the former being connected 
by a pipe with the chimney, for the purpose of getting up 
the steam rapidly, the latter for warming the feed water in 
the tender. It is generally opened while the engine is 
stationary, when by suitable pipes the steam passes to the 
tender, where it heats the water instead of blowing off to 
waste. This practice was adopted in the very earliest days 
of locomotive engineering. It is also a common practice to 
heat the water by other methods before it enters the boilers ; 
in fact, this should always be done.* 

285. Warming Cocks. — ^Warming cocks are employed to 
let any surplus steam pass into the tender to heat tiie water. 
They are fixed near the top of the fire box, and are con- 
nected with the feed pipes by an inch copper pipe. In tank 
engines the pipe goes directly into the tank. 
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DETAILS. 

The Cylinders — ^Water Cocks — Grease Cocks — Piston and Piston- 
Bod — Connecting Bod and Crank — Coupling Bod — Strap Gib 
and Cutter — Sector — Drivinc Wheel Tire — Counterweight to 
Wheels— Sand Cocks — ^Axle Boxes— Springs, Buffers, and Buffer 
Springs — Brakes — ^Draw Bar. 

283. The Cylinders of locomotives are generally placed 
immediately beneath the smoke box, where all condensation 
from external cold is entirely prevented. Sometimes they 
are fixed on the outside of the engine, such engines receiv- 
ing the name of Outside Cylinder Engines. In early loco- 
motives the cylinder was placed vertically. The horizontal 
cylinder was finally adopted about 1830. It is unnecessary 
to enter into the details of the cylinder. The student is 
referred to what has been said concerning those of land and 
marine engines generally, as the arrangement is the sam& 

* For a method of carrying out this idea» see Article on Cambridge's 
Feed Water Heater. 



OBEASE cocsa 267 

Of coiirse they are made of good hard cast-iron. Sometimes, 
from the weight and friction of the piston, there is a tendency 
to groove. They are generally constructed so that both the 
top and bottom of the cylinder may be removed. The piston- 
rod works through a stuffing box and gland in the ordinary 
manner. It is always usual to allow one-quarter of an inch^ 
or less, clearance at both ends of the stroke. 

In Plate III., the cylinder is seen at O with its piston P, 
The piston-rod is ^ r, and two guide blocks are at G, which 
move backwards and forwards between the guide or motion 
bars g g. The piston crosshead is also at G. Into the guide 
blocks comes the end of the connecting rod er, C is the 
crank moved round by the connecting rod, and carrying with 
it the axle A X, and with it the driving wheel D W. It is 
the eccentric, and E E the eccentric rod working the slide 
rod 8 r, which in its turn gives the reciprocating rectilinear 
motion to the slide 8. The slide 8 is seen in front of the 
ports, the bottom port being open to the exhaust and the 
upper to the steam. The piston is just going to commence 
its stroke to the left The manner in which the connecting 
rod is attached to the crosshead of the piston and to the 
crank is explained by the illustration, a a; is the axle of an 
ordinary leading wheel ww, the part marked a is the journal. 

287. Water Cocks, Drain Cocks, Eelief Cocks, or 
Cylinder Pet Cocks. — ^Two drain cocks are fixed to each 
cylinder, one at each end, and at the lowest part, to relieve 
the cylinder from any water that may arise from condensa- 
tion of steam or priming. They should be opened just before 
starting, after the engine has been standing still, to get rid 
of any water that may have become condensed while waiting. 
They are worked by rods and levers from the footplate. 
Sometimes, often after repairs, the water is greasy, and until 
it is properly got rid of the engine will often prime, hence the 
value of these relief cocks. 

288. Grease Cocks. — ^A grease cock is fixed on to each 
cylinder; it communicates with the slide valve and lubricates 
it; part of the tallow, as the slide moves backwards and 
forwards, enters the cylinder and lubricates it also. It is 
generally fixed on the valve-jacket, so that the slide valve 
and cylinder are lubricated as well. 
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289. Piston and Piston-Rod.— The crossliead is the part to 
which the farther end of the piston-rod is fitted, to this also 
is atta<;hed the connecting rod, the crossheads move ip. guides 
or between motion bars, which are two or four parallel bars. 

Pistons for locomotives are fitted and packed in many 
various ways. The piston-rods are made of steel or iron, 
while the piston itself is of cast-iron or brass ; brass is the 
better substance, because it is lighter and does not so readily 
break ; some makers forge the rod and piston in one piece. 
The top of the piston-rod is fastened by a cutter into a socket 
with jaws ; G is the socket, the jaws are a little to the right 
and left of G; the whole is named the piston cap. Be- 
tween and into the jaws comes the small end of the piston- 
rod p r, which is kept in its place by the pin of the cross- 
head ; the two ends of this pin are fastened into two blocks, 
which move in guides or motion bars, to preserve the paral- 
lelism of the piston-rod. The pin of the crosshead is seen 
running under G, while the guides are marked g and g, and 
the two guide blocks may be observed above and below G 
at the end of the guide bars. The piston-rod works steam- 
tight through the cylinder cover ; between P and 8 b ia 
a short tube cast on the cylinder, with an opening a little 
larger than the diameter of the piston-rod, this is called the 
stuffing box, the gland is the part close to 8 b. The piston- 
rod being in its place, the stuffing box is first filled with 
hemp soaked in melted tallow, or else with other packing ; 
the ffland is then brought down on to it and screwed forcibly 
a^t the packing, ^ aa to press it tightly against th^ 
piston-rod. Whenever any sUding rod has to work into a 
space filled with steam, or with water under pressure, a 
similar method is adopted to prevent any escape at the side 
of the rod. 

" The maximum economical speed of the piston has not 
been ascertained, but it appears that, with a high speed of 
piston, small driving wheels and light engines are preferable 
to the very large ones which are now frequently seen. Small 
wheeled engines have been found to start a train more rapidly, 
and to draw it with greater regularity of motion, than engines 
with from 6 J feet to 8 feet driving wheels." 

290. The Connecting Bod and Crank. — By the inter* 
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Tention of the cormecting rod and cran^,~the rectilinear motion 
of the piston is converted into a circular motion. The con- 
necting rod is c r, crank CC, and axle AX (Plate III.), 
which move the driving wheel I) W. The crank) or rather the 
cranks — ^for there are two, as there are two cylinders and 
pistons— are forged on the axles of the driving wheels. The 
cranks are placed at right angles to each other; only one is 
seen in the figure, the other half is precisely similar to A X, 
but the crank is at right angles to C. In our illustration 
C is lying horizontally, so that when the piston P attempts 
to move to the left, it will only pull the crank in a straight 
line, as it were, and cannot move it, hence we see the 
necessity for two cranks ; the one not shown, being at right 
angles to C, is just in that position where the piston will 
have the greatest effect upon it ; hence the driving wheel can 
be moved, which cotdd not happen if the engiae stopped 
exactly as seen in the figure, and there were only one crank. 
Such an axle as we have here is called a cranked axle, and 
is made of wrought-iron or steel. It must be understood 
from what precedes, that when one piston *is at the end of its 
stroke the other is in the middle. 

29L View of Pire Box, etc.— In Plate IV., C C are the 
ends of the two cylinders, SP the steam pipe, BP the 
blast pipe. 

292. Coupling Bod. — ^A coupliog rod is very similar in 
its form to a connecting rod, but it is not so large or heavy. 
Its use is for coupling the driving wheels to the leading or 
trailing wheels, or both, when of course the wheels must all 
be of the same diameter^ as in the case of goods engii;ies. 
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They are attached to cranks fixed on the outer ends of the 
axles, or else to crank pins inserted in the arms of the wheels 
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—the former method appUes to engines widi outside bearings, 
and the latter to those with inside bearings. They are 
always outside the wheels. Generally they are made with 
ends forged in one piece, and the cutters so arranged as to 
preserve their length constant as the bushes wear. An oil 
cup is shown in t^e figure; it is forged on and has a small 
tube in the centre, in which to insert the wick to lubricate 
the bearing. 

293. Strap, Oib, and Cutter. — ^The ends of the oonnecting 
rod are not, as it were, part of the rod, but are built up 
upon the end of the rod itself. 

Let us take the annexed illustration, which is the smaller 
end of a connecting rod ; aa aa is the end of the rod with 

a hole in it; first upon the 
end are placed the two 
brasses 1 and 2, in which 
a circular hole is left 
for the crosshead pin to 
pass through; round the 
whole is placed the strap 
ss; then into the hole 
is placed the gib g g (in 
this case we have two 
gibs, g g and g' g'); then 
ihe ctUter or key c c is 
driven in tightly, so 
"^ that the whole is held 
"jj firmly together. Some- 
times c is also held in its 
place by a screw and nut. 
294. Driving Wheel. 




If 



STRAP, GIB, AKD CUTTER. 

SMALLER END OF coNNECTiNo ROD. _The whools attached to 
the crank axle are called the driving wheels; the front pair of 
wheels of the engines, are called the leading wheels; and the 
hind wheels, or those close to the fire box, the trailing wheels. 
They are nearly always made of wrought-iron, and are kept 
upon the rails by a flange formed on the tire. The driving 
wheels in passenger engines are always made large, to increase 
the speed, and the power of the engine must be increased in 
the same ratio; but in goods engines they are not so large^ 
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and consist of four or more coupled t^ether by coapling 
rods. The object in emplojdng coupled driving wheSs is 
simply to distribute the great weight necessary for adhesiim, 
vbera great tractive force is to be exerted at moderate speed, 
such as with a goods engine. The frear of vheels amounts 
to about the twelfth of an inch per annum with wrought-iron 
tires. A good idea of a locomotive wheel can be obtained 
by referring to the following figures. 




KAuiwitr's " half-cbahs. " 



stnmui's CRANK. 
Wheels are made nptrn Taiious systems, the object of all 
being to give strength to the tires and prevent wear. The 
tires are not oylinchical, *.&, they have not the inner and 
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outer edge both the same diameter, but are made slightly 
conical, which plan keeps the carriage in the centre of the 
railway, and the flanges do not come in contact with the rails 
unless under exceptional drcimistances; in fact, conical wheels 
have a self-adjusting action, which preserves the carriages in 
their proper position on the rails. Again, if the wheels be 
thrown into such a position that one flange is close against 
the outer or large curved rail, the wheels being conical, a 
larger circumference of the outer wheel will move on the rail 
than on the smaller wheel (for we must recollect that the 
wheel only rests on om point), consequently the larger wheel 
will quickly restore the carriage to its proper position. 

295. The Tire is a distinct part of the wheel, composed of 
a ring of metal, either wrought-iron or steel, which is shrunk 
on to the wheel, and further secured to the rim by bolts or 
rivets. It forms the conical part of the wheel and tiie flange. 
When worn, they are re-turned in the lathe to a true surface. 
This is required after an engine has been running from nine 
to twelve months. The tires, when new, are usually about 
2J or 2| inches thick, and are not allowed to be worn down 
to less than 1^ to 1^ inches. 

In each of the above wheels the tire is seen at the top and 
bottom, with the flange formed on one side. Here we have 
two methods diflering from the ordinary one of forging the 
crank on the axle. In Baldwin's half-crank, we see a simple 
and cheap way of forming the crank. In the second example, 
or Dunham's crank, while we have the same position of the 
crank wrist, the crank is completed by adding the second arm, 
or cheek, this cheek being bedded in the cast-iron driving 
wheel itself. 

296. Counterweights to Wheels. — ^The momentum of the 
piston-rod, guide blocks, connecting rod, etc., is very great; 
this has to be counterbalanced by the application of a 
weight to the wheel. These weights are put into the rim of 
the wheels between the spokes. If the student will notice 
the driving wheels of a locomotive, he will see the balance 
weight partially filling up the space between three or four 
of the spokes. This weight depends upon the speed at which 
the engine is intended to run, and the weight of the moving 
paiis ; with the engine-maker this is a matter of nice calcu- 



AXLB BOXES. 



273 



lation. Seren-eightha of the vhole disturbing weight is 
allowed with ontfilde cylinder engines, and for inside cylinder 
three-fourths. Goimterbal&ncing is done to givo the engine 
greater stability on the rails. It is said that engines, without 
oonnterbalancing, will not attain the speed they will when 
counterbalanced, the resistance being greater. They must be 
sufficiently heavy, not only to balance the crank and 
oonnecting rod, but the piston and its appendages. 

297. Sand Cock.— To every engine there is a small eand 
box, fitted either on the top of the tank, in front of the 
engine on the buffer beam, or by the side of the footplate. 
In connection with it is a small pipe from 1^ to 2 inches in 
diameter, leading to within two inches of the rail in front 
of both driving wheels, or in front of the whole if con- 
nected by coupling rods. The cocks are opened in slippery 
or damp weather, when the engine is stuting, to assist the 
wheels in biting the rails, so that they may not ran round 
without giving motion to the engine. The engine being 
feirly started they are closed. Whenever the wheels begin 
to dip, the cocks are opened till the nuisance is abated; 
and are, as occasion may require, brought into use on 
inclines. 




298. Axle Boxes. — ^The wheels are fixed securely upon 
their axles, which revolve in boxes, upon which the weight 
of the boiler and machineiy is carried through stout f^uings. 
The axle boxes can rise and tall freely, as far as &o 
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springB will permit. The axle boxes are guided vertically by 
suitable guides or axle gva/rds. The part of the axle 71)1011 
revolveB in contact witti the axle box is called the jonmsL 
When the joumala are inside the wheels they are called inside 
bearing aoA when outside the wheels out^e bearings. 
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Ais tlie journal (p. 2 7 3), the whole weight rests on i3xe spring, 
of which p ia the spring pin, therefore the weight of the engine 
resta on the top of the axle (and wheel) firom ato b; e dia 
hollow, flJthotigh sometimes a spongo, or some cotton waste, is 
laid in to soak ap the oil or grease. In the cross section it ia 
Been more clearly, where the weight rests upon the axle. 

299. Springs.— -The weight of the engine, boiler, etc, la 
saatained by springs resting upon the axle boxes. They are 
formed of steel plates from three-eighths to half-an-inch in 
thickness, of a namber proportioned to the weight they 
have to cany. Ea«h spring of the driving axle has often to 
carry from four to sis tons. The platea are connect«d at the 
cen^, and slide on each other at their extremities. If we 
examine the spring A (p. 274), we shall notice a rod proceeding 
&om the centre of the spring s' to the top of the tude bos at 
a. The middle of the spring thus rests upon the axle box. 
At p and p are two eyes, the ends of the spring pass into the 
jaws of a bridle at p and p, and through them passes a pin to 
keeptheapringfirmat^and^. Sometimes, as in figure B, the 
springs are placed below the framing, when the weight of 
tiis engine is made to rest upon the ends of the springs. In 
%are3A,B the weight of the engine is carried by the springs 




laASSVEKSB BFBIItO. 



« V, the framing F F resting on the Spring pins ^ p, the Springs 
then bear np the weights. They are listened to the axle box in 
figure B by means of a pin passing through the eye of a 
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strap a round the middle of the spring. In the upper figure 
h h are the horn plates, or axle guards, of wrought-iron, 
forming part of the frame of the engine. They form a guide^ 
with the cast-iron slides riveted on to the wrought-iron 
horn plate, for the axle box to move up and down in, as the 
springs give way to the weight and jerks of the train. The 
strain of the engine and carriages comes on the horn plate. 

This is another method of arranging the spring:— A 
transverse spring is attached to the framing at H, and 
carries the weight on its centre. The ends of the spring 8 s rest- 
ing on the top of the axle boxes at S and S. Their use is to 
receive the jerks, oscillations, etc., as the engine runs, so 
that the motion of the engine may be smooth, just as we 
know, and can feel, the difference between riding in a cart and 
a carriage, so the springs act in keeping the engine, etc., still. 
300. Buffers and Buffer Springs. — Buffers are to receive 
any sudden shock or strain, so aa to give the passengers as 
little shock as possible. 

A B is bolted to the 
buffer beam; within C D 
are four or more cushions 
of India-rubber, or India- 
rubber springs, 1, 2, 3, 4, 
separated from each 
other by ^ iron plates, 
all of which will admit 
of lateral motion. The 
bar a h passes through all the plates and India-rubber springs. 
When a shock is received by the buffer E, the springs are 
compressed and the bar runs up A B, but it is sometimes 
arranged to drive from right to left. Steel springs are as 
frequently employed as India-rubber. 

Here we see the arrangement of the draio bar and spring 

for a carriage. At H are the India-rubber springs, L is the 

hook by which the carriage is attached. The pull of the 

^^[|||||m^ "^T '^carriage acts on 8 and 

riy ^'■■ili ll MI^^ ^ draws the bar towards 

V^i^BBBtinnCI ^^ ^ L, so that the springs 

^^ ■ — — are compressed. 

For buffing and draw springs, many kinds have been em- 
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ployed. India-rubber springs are formed of circular discs^ 
the buffing and draw-rods running through tiiem; helical 
and spiral springs, made of steel, and rods acting upon ordi- 
nary steel springs, are also used. 

801. Draw Bar with Springs. — ^The draw bar with 
springs is fitted to engines to receive and take up sudden 
shocks and strains. 
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A is a crook or hook, to which the carriages are coupled 
on ; aaa is the d/raw ha/Ty chiefly shown by dotted lines ; 
V h are two steel springs ; df and e are two transverse pieces 
of the frame, firmly fixed at the same constant distance ; e is 
the buffer beam; c is a cutter to .bring up the spring h\ 
while the spring h is brought up by d, a washer close against 
a nut, as seen in the figure. The action is this, if a pulling 
strain comes upon the drom bar, then the spring 6' acts, and 
is compressed by the cutter c ; at the same time, the washer 
d compresses the spring b, thus assisting 6' to counteract the 
strain. The traction spring or draw bar modifies the force 
of sudden snatches by the engine, which are liable to snap 
the couplings between the carriages. A plan adopted to 
resist the strain on carriages, is fbr the two buffers to act 
each on the end of an ordinary carriage spring, say from 
left to right, while the draw bar, to which the carriage is 
coupled, acts on its centre from right to left. 

S02. Brakes. — Brakes are employed to bring the train to 
a standstill. They are generally worked by the fireman, 
although there are brake vans with brakes worked by the 
guards as auxiliaries. 

Suppose the handle H pulled to the left (by a screw), then 
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the leTOT E ia drawn towards the left, and with it the lever 
A B, As A goes to Uie left, the arm A C jamathe trake K 
against the wheel, while the arm B jajns K' against the other 
wheel, when, fiidion preventing the revolutiona of the ■wheel, 
the train is brought to a standstUL 




The brake, which ia essentially a acrew and lever ap- 
paratus, is generally of wrought-iron, except the part which 
embraces the wheela, which is of wood. Sometdmes two or 
more aledges slide on the rail under the engine. The power 
developed by the screw and leversia enormous, reaching as 
much as 000 : 1, so therefore if a man turn the screw with the 
force of half a hundred weight, it acta apon the wheels withi 
a force of more than twelve tons. It does not do to make the 
leverage excessively great, because the force coming on the 
frame of the engine, it is liable to be wrenched. The frame 
must be adapted to bear such extra strains. To save the 
frame, the force should be thrown on the leveis as much as 
possible, and not on the screw, or the screw ahould be coarse 
in ita thread, and have a short handle. 

A brake used on the ^orth London Bailway is a very 
good one, bringing the train to a standstill in a very short 
distance. " To each vehicle two pairs of pendulous braie 
blocks are hung in the usual way. The brake is worked by 
a ^ inch chain, carried <m sheaves along the centre of the 
trtun, united by coupling hooks at each carriage. In the 
centre of each carriage the chain hangs down like a festoon, 
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and passes imder two pnlleys attached to puUing rods fitted 
to the block hangers. When the chain is tightened, the 
centre pnlleys are raised, and the blocks pulled on the 
vheels with a collective force of abont 3 tons for each 
Tehiole. When the chain is slackened, the pulleys, asaiated 
by a hack weight, descend by gravity to their norm^ posi- 
tion, and firee &6 brake blocks. The chain is t^tened &om 
either end of the train by means of two transverse axles, 
driven by steel-faced Motion wheels 20 inches in diameter, 
screwed by mamial power against the van wheels. The 
momentum of the van is thus made to retard the whole of 
the train, and is so powerfiil that a train of eight vehicles 
can stop the largest engine onder full steam." 



DIVISION ,V. 

SLIDE VALVE ASD COHBCBTIOIf. 

Stephenson's T.inlr Motion—Sector — Single Eccentric — Slide Yalv« 
and its Motion — Tempentnre of Fumace Gasaa — I'ranainitting 
Power of Metala— Coke and Coal Bominf; in Looomotives — Air 
Beqnired for Combiution— Steam Blow Pipa — Beattie't Fire Box 
— OanolnsioDe on Combustion. 

303. Stephenaon'B Link Motion.— The advantage of this 
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oontrivance is, that the engine can be rereiaed without any 
more trouble than is entailed by moving a handle. It con- 
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sists of two eccentrics H and G, each having its own rod 
CE and AD. When the forward eccentric works the 
slides, the engine goes forward ; when the backward eccen- 
tric works them, it is reversed. D E is named the link, 
and it is moved up or down by the lever D E D. a is the 
slide rod attached to the block p. The link motion is not 
used to work the steam expansively ; it merely alters the 
travel of the slide, when the engine moves slowly or quickly. 
It reverses the engine by reversing the travel of the slides. 

To obtain the greatly varying power required in the loco- 
motive at different times, it is necessary to be able to vary 
the times at which the steam shall be cut off from the 
cylinder. This is effected by the link motion, which con- 
sists merely of two eccentrics, as has been already explained 
(page 70). 

S04. Single Eccentric. — The single eccentric, which is 
loose on the shaft, acts on the same principle as the double 
eccentric with the slot link. With the double eccentric 
and link, one eccentric only works the valves at a time, or 
acts on the slide valve spindle. The single eccentric is 
fitted with a weight to balance it, to keep it steady on its 
stop. Were it not so, it would come away from the stop on 
the shaft. Were no weight fitted, when the centre of the 
eccentric and centre of the shaft came in a straight line 
with the valve spindle, it would have a tendency to pass too 
quickly over the centre, and cause a knock or back lash at 
every stroke. 

805. Sector. — ^The sector is in the form of a sector of a 
circle, and is an adjunct to the link motion. In it is a series 
of notches to hold the reversing handle. When the loco- 
motive is started, the handle is dropped into full throw, or 
into the farthest notch. By doing this, the forward eccen- 
tric at once works the slides, or the eccentric rod comes 
direct on to the valve spindle, and all the strength of the 
steam is at once given to the piston. When the engine is 
fairly under way, tiie handle is brought back a notch or so 
to economize the steam. There are about five notches from 
the centre down, or ten altogether. The nearer the revers- 
ing handle is to the centre of the sector, the less steam is 
used. 
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306. Slide Valve and its Motion. — ^The manner in wldch 
the steam- is admitted to and released from the cylinder, and 
the points of the stroke at which the events take place, can 
be varied in three ways : (1) By altering the form of the 
valve ; (2) by variation in the valve gear which drives the 
valve ; (3) by altering the relative proportions of the con- 
necting rod and crank. 

807. Action of the Single Eccentric and the Slide 

Valve. — ^The annexed is the form of valve generally employed. 
It is called a locomotive or " three-ported " slide. 

A and A are the steam ports or passages, by which the 
steam enters the cylinder. B is the exhaust port, by which 
the communication is kept up with the ezha^t pipe ; G 
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are termed the ha/ra or bridges. In the position shown in 
the figure, the valve is at half-stroke, and the parts D of 
the valve, extending at each end beyond the ports, is termed 
the oiUside lap or outside cover; and the part E, or the 
distance the inner edge extends beyond the ports A A, is 
called inside lap or cover. 

Should the valve extend only to the dotted lines on its 
inside, it would not entirely cover the ports at half-stroke 
on the inside, but leaves them both partly open to the 
exhaust. This is called inside clearance. Lead has already 
been sufficiently illustrated on page 118. 

When a slide is driven by a single eccentric, its motion is 
a compound of two others : (1) Of that given by the centre of 
the eccentric moving round that of the crank shaft ; (2) 
this motion is retarded and accelerated by the varying 
inclination of the eccentric rod. As the eccentric is nothing 
but a crank, we can determine the various positions of the 
dide in relation to such a motion as a crank will give. 
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The manner in which the position of the piston is in- 
fluenced by the action of the connecting rod, 
is shown by our figure, in which are repre- 
sented the relative positions occupied by the 
crosshead and crank, at nine points in a 
half roTolution of the crank shaft. In this 
diagram the length of the crank is taken at 
12 inches, and that of the connecting rod at 6 
feet. The short lines, numbered 1 to 9 on the 
upper side of the centre line, represent the 
positions of the crosshead corresponding to the 
similarly numbered positions of the crank. 
The other lines below the centre line, lettered 
a to i, show the places the crosshead would 
occupy if the connecting rod were of infinite 
length ; and the spaces into which these lines 
divide the stroke of course agree with the 
spaces into which the diameter, klyia divided 
by the ordinates drawn to it from the points 
denoting the position of the crank pin. This 
diagram at once shows that if the crank shaft 
rotates in the direction of the arrow, from k 
to ly the motion of the piston will, during the 
first half of the stroke, be retarded by the 
action of the connecting rod, while during the 
latter half it will be correspondingly acceler- 
ated. The effect of this is, that, during the 
whole of the stroke from the crank shaft, tho 
piston is in arrear of the position which it 
would occupy if the connecting tod were of in- 
finite length; whilst, during the stroke towa/rds 
the crank shaft, it is correspondingly in ad*- 
vance of such position. In the example before 
us, the piston travels 10*99 inches, while tho 
g crank moves from position 1 to that marked 
5, and 13*01 inches as it rotates from 5 to 9. 
808. General Principles. — The slide valves 
^ admit and release the steam. By the Zap, 
means ore provided for the suppression of the 
steam before the end of the stroke, and the eccentric is so 
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set that the valves shall open before the commenceinent of 
the stroke, and thus release the steam before that period. It 
is usual also to give a certain amount of lead to the valve, 
in order that the ste?i/n may be promptly admitted, and the. 
port opening be wide enough as the piston advances to 
allow the pressure to be well sustained. The amoimt of 
this varies with the speed of piston at which it is intended 
the engine shall work, also to a certain extent with the 
opinions of engineers, ^ inch being the usual amount in this 
country, and ^ inch, or even as Httle as J- inch, in America. 
In some cases a small amount of inside lap is given for 
the purpose of preventing the escape of steam too early 
in the stroke ; in other cases, inside lead is adopted in 
order that the steam may have a freer escape. The former 
would be suitable for goods engines exerting large tractive 
force at slow speeds, and the latter for express engines work- 
ing at a high speed of piston. The amount of either is rarely 
over ir inch at the most. 

309. Motion of the Slide — Continued, — By these five 
figures we wish to show the relation between the travel of 
the slide and the path of the centre of the eccentric pulley. 
The motion of the eccentric is here communicated to the 
valve through a rocking shaft. This was the old method ; it 
is now customary to attach the eccentric rod directly to the 
slot link, which is brought down or up to the end of the valve 
spindle. 

" In figure 1, the piston is shown at the commencement of 
its stroke by the amount due to the angular advance of its 
eccentric, which, as there is no outside lead, corresponds in 
this instance to a movement of the valve, equal to the lap, 
which is here x^th of an inch. At the same time the steam 
passage, communicating with the end of the cylinder farthest 
from the piston, is imcovered to the exhaust by the amount 
of the inside lead, which, as there is no inside lap, is also 
•^th of an inch. Here the centre of the crank is seen in a 
position at right angles to the piston rod and below it. In 
^g. 2, the crank has performed one-eighth of a revolution, 
and both the steam ports are partially open, the one for the 
admission of steam and the other for its egress. The centre 
of the eccentric has moved on in the same direction; but 
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notice in every case that the crank moves on in advance of 
the eccentric, which is the very reverse of what would take 
place if there were no rocking shaft. In all cases now thQ 
crank of the slide rod is in advance of the larger crank. In 
fig. 3, one-fourth of a revolution has been accomplished, and 
both ports are fully uncovered. In fig. 4, the crank having 
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made three-eighths of a revolution, the ports are again partially 
closed, the valve having assumed a position almost similar to 
that which it occupied in fig. 2. In fig. 5, the piston has 
reached the end of its stroke, and the steam port, which has 
hitherto been receiving steam, is imcovered ^th of an inch 
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on the exhauBt side, the other steam port being entirely 
closed." 

310. Temperature of Furnace Oases.-*-The heat trans- 
mitted by a solid body from a hotter medium to a colder one, 
is in direct proportion to the difference of the temperature of 
the two. ^e evaporation by any given heating surface will 
therefore be increased as the temperature of the furnace gases 
increases. Hence it is that coke is superior to coal, for its 
products of combustion come off at a higher temperature than 
those of wood or coal. In this matter we must consider the 
boiler temperature as the lower. It is not a fact that the 
greater the pressure of steam the less the evaporative power 
of the boiler, for the gases in this case simply escape at a 
higher temperature, and the pressure has nothing to do with 
the transmission of heat. 

Sll. Time of Contact. — ^The transmission of heat is not 
alone directly proportional to the extent of heating surface 
and the temperature of thefu/mace gases, but also to the time 
of contact and the c(mducting power of the solid metal m con- 
tact. In a locomotive, as the gases run along the tubes their 
temperature rapidly diminishes ; small tubes with the blast 
make the gases move r6,pidly, wilii larger ones they move more 
slowly in inverse proportion. Products of combustion always 
take the nearest and shortest way to the chimney. Hence 
many different arrangements are adopted to keep these gases 
in contact with the heating surface, as inclining the fire box 
and tubes, making the distance greater from the back of the 
fire box to the tubes, than from the front part of the grate to 
the tubes. In this latter arrangement the great bulk of the 
air, being drawn in at the front end of the grate, would pass 
through the lowest row of tubes, because it is the shortest 
route, and here meets with least resistance^ The grate is 
inclined towards the front of the fire box; to counteract this 
by equalizing the distance, more fael is thrown on the front 
of the grate, for the air, entering at the front to pass through, 
is thus retarded. 

812. Specific Heat Transmitting Power. — ^We have to 
consider (1) the way in which the boiler plates and tubes 
receive the heat ; (2) the conducting powers of the metal ; 
(3) the emission of heat by the metal. 
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Let A = tlie dbsorhmg unit, or the heat absorbed by one 
square inch of boiler surface per minute in a locomotive. 

Let B = the unit of conducting power, or the heat trans- 
mitted through the boiler surface on a square inch per 
minute through the thickness of one inch. 

Let C = the emission vmt, or the quantity of heat 
given up by one square inch per minute to the water in 
contact. 

Let t = thickness of the plate ; then while A and C will 
remain constant, B must be divided by t, for the quantity of 
heat transmitted or conducted by the metal is inversely pro- 
portional to the thickness of the boiler plate. 

Suppose the heat within the fire box to be given off in con- 
stant quantities, the plate will soon come to a stationary 
temperature, and all the heat absorbed by it will be instantly 
transmitted to the water, when the following equation will 
exist: — 

A = — = = n (say total heat transmitted). 

Taking the reciprocals 

. 1 _ « _ 1 _ 1 

" A B C H 



.-. H = 



A B C H 
3 



i + i + i 
A B C 



This equation shows three things :— 

(a) That the heat-transmitting power of a boiler plate 
increases with the heat absorbing, conducting, and emitting 
power, (5) and decreases with its thickness, (c) but the heat 
transmitting power is not inversely proportional to the thick- 
ness of the plate. 

Li practice, it is not the thickness of the metal that is of 
impodiance in the conduction of heat, but the heat transmit- 
ting capabilities of the su/rface. The boiler plates become 
coated with rust or oxide of iron and soot on one side, and 
scales on the other; these lessen the absorbing and emitting 
power of the boiler surfaces. Hence it is that thick plates 
have but little . influence, although thin plates with clean 
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Burfaces will give the greater evaporative effect. Again, 
thick boiler plates are objectionable, because they get hotter 
on the outside next the fire than inside, hence bum, and their 
liability to become injured by excessive heating is well known. 
313. Transmission of Heat, with Decreasing Tempera- 
tnre of the Fnmace Gases, or Transmission of Heat in 

Tubes. — ^In showing that 

^"1 i i 

A ■*■ B ■*■ C 
we assumed that, during the time of contact, the tem- 
perature of the furnace gases remained constant. This con- 
dition only exists over very small areas of the boiler plate, 
in tubes as the gases pass along, we must consider that the 
temperature diminishes. 
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Let this represent a boiler tube surrounded with water, 
and through which the gases pass. 

Let us suppose nm v&d^ very small section taken at any 
particular place. 

Let G = the quantity of gas in pounds passing m n per 
minute. 

Let t = the temperature of the gases dX mn above the 
water in the boiler, which depends upon the distance oimn 
from A. 

Let X = the distance from mnix) m^ n^. 

After passing through the small space nm^, the gases 
will have lost a certain amount of heat, which will be in 
proportion to the length of wiwi^ and the difference between 
the temperature of the gases and water. 

Suppose we take for the unit of absorption, the heat 
which would be absorbed on one inch in length in one 
minute from gases 1*^ hotter than the surrounding water. 

Then the heat absorbed by the small space nrri^ \a 

Ki =xt (units of absorption). 
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Let the gases pass tlirough the next small space n^ m^ = x 
then since the loss of temperature is proportionate to the 
distance they travel, they enter n^ m^ with a temperature 
ti = t - tx = t (1 " x) .*. heat taken by second length will 
be equivalent to 

Hj = {t-xt)x = ix-x^ t, and 
if = ^i-Ha 
.•. t^ -= t-tx-tx ■{- xH 

:s t-2tX + X^t 

= t{l-2x + x^) 

= temperature when it enters at m^ n^. 

In the third length we shall have 

Ha =t{l-x^)x = t(x-2x^ +»») 

= <(l-a;)» 

Hence we see the law for the decrease of temperature as 
the gases pass along the tubes : the temperature falls in a 
geometric ratio. In passing through the first, second, third, 
etc., unit of length, the temperature falls in proportion tc 
l-o;; (l-x)^; (l-a)®, etc. 

These numbers are represented by hyperbolic logarithms, 

thus : — 

Iiet 2t;« = unit of length from front end of the tube. 
„ ttt = the temperature of the gases above the water, less 

the unit of absorption. 
„ x^ =, whole length of tube = L 
f, tn = temperature of smoke box. 

Then since 

Eog^, «, S E 

Log., «„ =L X log.,««. 

314. Coke and Coal Burning in Locomotives — ^It is 

usual to employ coke in locomotives, so that no smoke shall 
be produced. In coal the three elements of importance in 
combTistion are carbon, hydrogen, and oxygen. Anthracite 
contains 91-44 per cent, of carbon, 3*46 of hydrogen, 2*58 of 
oxygen ; the rest is nitrogen, sulphur, and ash. Good 
average coal contains 73*52 per cent, of carbon, 5*69 of 
hydrogen, and 6*48 of oxygen ; the rest as above, ash, etc. 
Anthracite produces 92*9 per cent, of coke; average coal. 
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57*8 per cent. A hundred pounds of coal will give out 
more than a million units of heat, but the products of com- 
bustion carry away nearly one quarter of this, and require 
246^ lbs. of oxygen for tiieir consimiption, or about 1068^ 
lbs. of atmospheric air ; but as all the air cannot be made to 
give up the whole of its oxygen, the" supply required is 
about 1355^ lbs. The total evaporative power of this 100 
lbs. of coal is 858 lbs. of water. We have, in a former page, 
given a edmilar estimate. The student must carefully con- 
sider the two, and notice where they agree, and how they 
differ. Both estimates are taken from leading authorities. 

316. A Pound of Oood Coal will in practice evaporate 
7*4 lbs. of water, and its heat is distributed in the following 
manner : — 

7400 units or 62 '2 per cent, go to form steam. 

2172 „ 18*3 „ are wasted with prodndiB of combustion. 

2375 „ 19*5 9, are waste. 

11947 „ 100 

It is calculated that the combustion of a pound of coke 
produces 14,000 units of heat, and requires 2§ lbs. of oxygen, 
or 12 lbs. of atmospheric air, or 160 cubic feeii, for its com- 
plete combustion The 160 cubic feet become 200 in prac- 
tice, and theoretically the pound of coke should evaporate 
12*16 lbs. of water. 

316. One Pound of Coke. — ^In practice the greatest evap- 
orative power of a pound of coke is 9 J lbs. of water, and its 
heat is distributed in the following manner : — 

10920 units or 78 per cent, go to form steam. 
2365 „ 16^ „ are lost by products of combustion. 
715 „ 5| „ are wasted by ashes, etc. 

14000 „ 100 

Coke has the advantage over coal as a fuel for locomotives, 
because the temperature of its products of combustion is 
considerably higher than that of coal in the proportion of 
about 14 : 12. 

817. Coal Burning. — ^When coal is burnt in the loco- 
motive furnace, it requires that the air shall be admitted 
in a peculiar manner to perfect the combustion. As soon 
as fresh coal is thrown on the fire, a gas is set free which, 

T 
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when mixed with air, bums with a clear bright flame of 
great heating power. It is therefore of importance that this 
gas shall at once have its due supply of air at the spot 
where it is generated, or else the draught will draw it 
through the tubes, and the heating power will be lost. The 
air for coal-consuming locomoti\res is admitted in two ways, 
partly through the grate, and partly by special contrivanoesy 
but the exact quantity depends upon the kind of coal used. 
An insufficient quantity of air is exhibited by dense black 
smoke issuing from the chimney. With just enough or too 
much air no smoke will come out, so it requires great care 
and piactice. A second requisite is necessary for the com- 
plete combustion of coal : l^e temperature should be suffi- 
ciently high within the furnace in order to effect the proper 
combination of the oxyfi^en and carbon. In practice, to 
prevent smoke in locomotives, engine^liivers We chiefly 
relied on the ash pan, the damper, and the fire door, with 
careful firing. "They have endeavoured to prevent the 
formation of smoke by controlling the admission of air 
through the grate, and adjusting it precisely to the require- 
ments of the fuel, by similarly manoeuvring the fire door for 
the admission of air above the fuel, by stoking with large 
pieces of coal and deep fires for heavy duty, and smaller 
coals with shallow fires for lighter duty, by firing more 
frequently to lighten the duty, and at all times by keeping 
the bars covered with fuel to prevent excessive local draughts 
through the grate." The fire door should be pitched low ; 
fr^sh coal must be thrown on under the fire door directly 
inside, and, when partly burned, pushed forward towards the 
tubes j but when the grates are inclined, it will ^nd its way 
down by gravitation, and thus with good stoking a very 
efficient system of coal burning may be carried out. It is 
the usual practice now not to depend upon the stoking, but 
to adopt one of these two methods : (1) A current of air is 
introduced through tubular and other openings in the sides 
of the fire box, and thus uniformly distributed over the 
surface of the fuel ; (2) a body of air introduced through the 
doorway is deflected upon and over the surface of the fuel 
by a baffle plate. Large and spacious fire boxes are also 
introduced with extensive grate surface. In addition to the 
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above, a third method has found coneidersible {aTOor. It 
may be described aa follows : A steam-induced current of air 
is made to pass over the incandescent &el, thus air currents 
are admitted just above the fuel by tubes or otherwise 
through tlie sides of the fire box, and are then forcibly 
accelerated by means of jets of steam directed from the 
outside throu^ the openings into and across the fire box.* 

318. Steam Blow Pipe. — ^The steam blow pipe in a loco- 
motive corresponds to the blast pipe in a marine engine. 
All engines that consume coal are fitted with the blow pipe 
or auxiliary jet in the chimney, to continue the dran^t 
when the engine is standing, and to assist in getting np the 
steam when the fire is first lighted. 

319. Beattie'B Coal ConBtuuing Fire Box. — In this boiler, 
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dengned for the use of coal only, the fire box was divided by 
an inclined water partition into two compartments, each 
having its own door, fire grate, ash pan, and damper. The 
principal fire was maintained in the box nearest the foot- 
plate. The gases arising from the coals were met by a great 
e chapter on Combiutioii and the 
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number of fine streams of air entering througli tlie perforated 
door, and both the gas and air rose ^brongh a grating of fire- 
clay tiles into the upper part of the second fire box, on the 
grate of which ooal was burnt only slowly, with a slight and 
carefully regulated admission of air through the front damper. 
The mingling of air and gases was farther deflected down- 
wards by a hanging water bridge, and passed over a fire-brick 
arch and through a series of fire<day tubes into a combustion 
chamber, from which the boiler tubes led into a smoke box; 
most of the arrangements are seen in the figure. In these 
furnaces, arrangements are made for a sufficient admission of 
air, for the intimate mixture of the air and gases, and for 
the maintenance of a high temperature to complete the com- 
bustion of the gases, l^e grating of fire-clay tiles is seen at 
the lower right hand side of the figure, the hanging water 
bridge is hanging down from the top of ihe fire box, ^e fire- 
brick arch is seen to the left, the combustion chamber is on 
the right hand of what looks like the barrel of the boiler, the 
entrance to which is through a series of fire-clay tubes not 
shown (as they cannot be without putting the boiler in section). 

320. Conclusions and Facts on Combustion in Locomo- 
tives. — ^The following are the practical conclusions as to the 
combustion of coke, coal, and wood in a locomotive furnace: — 

" 1. Successful practice requires the complete combustion of 
the carbon and hydrogen available in the fdel. 

" 2. To find the quantity of free carbon and hydrogen, it 
is necessary to deduct one part by weight of hydrogen, or six 
parts of carbon from the total contents of the fdel for every 
eight parts of oxygen contained in the same. 

" 3. One pound of coke requires about 200 cubic feet of 
air for combustion : the air may be admitted through the 
grate only. 

" 4. One pound of coke is capable of evaporating 9-6 lbs. 
of water at 15°|-C.; in common practice, its evaporative 
power is 8 J lbs. of water. 

" 6. The temperature produced by the combustion of coke in 
the hottest part of the fire box, may be estimated at 1666^0. 

'^ 6. The gases produced by the. combustion of coke carry 
16| per cent, of the total heat generated into the smoke box^ 
which they leave at a temperature of 333® C. 
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** 7. The complete combustion of coal reqtdres the admission 
of air both through and above the grate ; the relative propor- 
tio^i and the to^ quantity of air admitted in both ways 
depends upon the percentage of gaseous components in the 
coal. 

" 8. Insufficient admission of air causes smoke and the loss 
of heating effect by incomplete combustion. A surplus of air 
reduces tibie temperature of flame, and causes waste of heat. 

" 9. The evaporative duty of coal per pound weight 
averages about 6 lbs. of water; in regular practice the 
maximum being about 8 lbs. 

" 10. The temperature produced by coal in the fire box is 
lower than that obtained £rom coke. 

''11. The products of combustion from coal have a higher 
specific heat than those from coke : they carry off a quantity of 
heat equal to 18 '3 per cent, of the total heat produced. This 
percentage varies with the amount of hydrogen in the coal. 

'' 12. The combustion of coal must be made as nearly 
uniform as possible by skilful firing. 

" 13. Coal, when completely and properly burned in a 
locomotive, affords greater economy, as compared with the 
coke produced from the same. 

'' 14. The evaporative power of dry pine wood is in prac- 
tice 2^ lbs. of water, the mayimum having been found at 
4 lbs. One pound of coke is equivalent to 2^ lbs. of wood. 

'' 15. The temperature produced by wood is generally less 
than Hire," 
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THE BOAD. 

Tramway — ^Railroads — Curves — How the Carriaffes are Kept on a 
Curye — KailB — Fish Joint — Gradients — BaUast — Cuttings and 
Embankments — How Rails are Laid — Two Ways — ^Broad and 
Narrow Gauge — ^To Adapt one Gau^ to the other — ^Fell's Rail- 
way->Tuni Tables — ^Traversers— Switches and Crossings. 

821. The Tram or Tramway is a roadway consisting of 
long pieces of wood or iron laid down In lines, and prefMired 
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to receive tHe wheels of waggons or trains. They were first 
used in the North of England and South Wales for the con- 
venience of carrying coals from the mouth of the pit to 
seaport and other towns. The way in which they were 
originally formed may be thus described : First, pieces of 
oak, 6 or 6 feet long, called siegers, were laid transversely 
across the track about two feet apart; next, longitudinal 
beams or rails, in lengths of 5 or 6 feet, of sycamore or larch, 
were laid upon these sleepers, and secured to them by wood 
pins or trenails; next, these longitudinal pieces of wood 
were supplanted by rails formed of wrought-iron plates, next 
cast-iron rails were used. The trams were drawn by horses. 
Some tramways are constructed of hard stone, as granite, for 
sills, and flat iron bars laid upon them for rails. A good idea 
of one of the earliest form of rails may be obtained by taking a 
sheet of paper the size of this sheet ; first double down one- 
third of the page longitudinally, turn over the paper and 
double down the other side in a similar manner ; now stand 
the two pieces perpendicularly to the middle, one will be 
above and the other beneath. Imagine that the lower one 
enters the longitudinal rail, and the middle one lies 
on and is bolted to it, then the wheels of the carriage 
must be supposed to run on, or within, the one standing 
perpendicularly. Each part was about three inches wide, 
and of iron one inch or three-quarters thick. 

322. Railroad. — ^Kailroads are improved tramways. The 
London and Birmingham Railway is about 30 feet wide 
on the embankments, and 33 feet in the cuttings; it is 
wider in the cuttings, because two drains are necessary, one 
on each side of the line. The average breadth of formation 
is 18 feet for a single line, and 28 for a double. Space ha& 
to be allowed for fencing and ditching. The width on the 
narrow gauge lines is 4 feet 8J inches, as North-Western, 
South-Westem, Eastern Counties, etc., and 7 feet on the 
broad gauge, Great Western. The space between the two 
lines of rails is 6 feet 6 inches, and is often spoken of as the 
"six foot way." The sleepers are laid transversely across 
the road at a distance of from three feet to three feet six in^es 
apart. To the sleepers are fixed the chairs, wbioh are cast- 
iron supports for the rails. Sleepers are frequently eveosoted. 



now THE CA3BU0ES A&E KEPT ON A CURVE. 295 

or else kyanized, to resist the action of the atmosphere, 
water, etc. On the broad gauge system, the line is laid with 
longitudinal sleepers and bridge rails, but the narrow gauge 
witi^ cross or transverse sleepers and double-headed rails ; the 
rails in the former case being secured directly on to the 
longitudinal sleepers, whereas those of the latter are supported 
by cast-iron chairs secured to the cross sleepers. Longitu- 
dinal sleepers have been tried on the narrow gauge system, 
but have not been found to answer so well as the transverse. 
At lea^ this is the opinion of some experienced engineers. 

Railways are single or dovhh. The double consist of two 
lines of rails — a down line and an up line. The down line 
leads from London, the up line goes to London. To a 
person looking towards London, the down line is the right 
hand pair of rails, the up line the left hand pair. Single 
lines consist of a single pair of rails used both for the up and 
down lines. There are double lines at intervals to allow one 
train to pass another. Lines are constructed on this system 
for cheapness. The lines should be as level and straight as 
circumstances will permit. 

323. Curves should be of as large a radius as possible; 
there are but few curves of less than three-eighths of a 
mile, or 30 chains' radius. The exterior rail of the curve 
is always elevated -the generic term is super-devaU^ 
to counteract the centrifugal force, or otherwise the train 
might leave the rails. Sharp curves should never be on 
steep inclines, for the tendency to leave the rails at a curve 
is as the square of the speed; as a rule, they should be 
out in the open where they can be well seen, and not in 
cuttings. 

324. How the Carriages are Kept on a Curve. — ^As an 

object moves round in a curve, the centrifugal force has a 
tendency to make it fly off in a straight line. Hence railway 
carriages, in passing curves, have a tendency to run off the 
line at the outside. To prevent this, and to keep the flanges 
of the wheels from the rails, the larger, or outer curve, is 
raised higher than the inside one, so by this means the 
carriages are thrown to the opposite side to that* on which 
the centrifugal force would keep them. The auper-devation 
of the outer rail and the conical wheel are thus zoade to 
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balance the centrifugal force. On the narrow gauge lines, 
■with a wheel three feet in diameter, no super-elevation need 
be made, unless the curve have a less radius than 1400 feet; 
on the broad gauge line, with a four feet diametered wheel, 
the least radius that can be used without super-elevation is 
double this. The quicker the trains pass a curve the greater 
must be the elevation of the outer rail. 

325. Bails. — ^The rails are made in many shapes, as seen 
by the following figures; all these forms are in use, but 
generally those marked d and c are preferred. There are many 
other forms as well as these. At a is shown one of the 
earliest, a plate of iron turned up; the same figure also shows 
the difierence in the arrangement for the running of the 
wheels on the tramway and railway. At a the purpose of 
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one part of the rail is to confine the wheel to the track, and 
it is evident that much tractive force might be expended in 
the wheels grating against the rail; but at g, the modem 
arrangement, we see that the wheel is kept on the rail by a 
flange on the wheel. To the sleepers are fixed the chairs, or 
chocks, of cast-iron, into which fit the rails, kept in their 
places by iron spikes. The ends of the rails are secured to 
each other by Ajlsh or Jlsh plate, two being used, one on each 
side, and bolted together by four bolts. 

326. Jointing of Rails: The Fish Joint.— The two ends of 
any two adjoining rails are not placed close together, but a 
small space, is left between for expansion. The joint is 
obviously t^e weakest part of the rail. The fish joint is 
intended to give it stability. 



GRADIENTS. 



297 



Bails are **fished" by having four holes — a a a 
punched in them, and then the fish plate F P is fastened on 
with four bolts; the holes are larger than the bolts, to allow 
a slight motion caused hy the chaiiges of temperature. The 




fishes are made of wrought iron, and bear against the top 
and bottom of the web of the rail, as seen in the section at 
b and b. Close to each fish, on either side, are two chairs, C 
and C, firmly bolted to the sleepers S S. The fish joint is 
found to answer so well that its use is extending rapidly. 

327. Chair, Sleeper, and Bail. — ^The following smiple 
figure will show how the rail r is fixed in the chair c c, by 
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OHAIit, SLKEFEB, AND HAIL. 

means of the wedge a; it also shows the manner in which 
the flange t of the wheel W clears the chair without touching 
it, and how it runs on smoothly and evenly without the 
chair ofiering any resistance or obstruction. 

828. Oradi6n|;s should not exceed one foot rise in a sixt^ 
feet length, although there are gradients double this, or that 
rise two feet in sixty. Gradients are very expensive, as extra 
power, which means fuel, time, and labour, is required to 
ascend them. When very steep, stationary engines are em- 
ployed to haul up the trains. Gradients should rise, where 
pttu^ticable, on each side towards a station, for then the 
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weight or gravity of the train will assist the brakes in 
bringing it to a standstill, while, when leaving, such an 
aiTangement will help to set the train moving. On long in- 
clines there are occasionally level spaces, or benches, to assist 
the ascending and check the descending train. It is not 
allowable to place a station on an incline. 

329. Ballast. — ^After the railway is cut, and embankments 
made, the road is covered with broken hard stones, flint, dry 
gravel, etc., called ballast, upon this the sleepers are laid. 
The ballast serves two purposes, it allows all water to drain 
away, and so the sleepers are kept dry ; it also keeps them 
Arm and steady. 

330. Cuttings and Embankments. — ^To save expense, the 
sides of a cutting should be as steep as possible, for then less 
earth is moved, but this can scarcely ever be done ; no general 
rule can be given as to what slope should be used, every- 
thing depends upon the strata that is being cut through, and 
not alone upon the top strata, but the bottom strata have 
frequently to be considered. Most kinds of hard rock 
will stand vertically, chalk requires a slope of one in three, 
sand and gravel three feet in two, clay two to one; but there 
are very great exceptions to every rule. The most trouble- 
some cuttings are where soft clay or wet soft strata, come 
under others that are harder and drier, the soft and wet give 
way, or else the others slip over them, thus giving an enor- 
mous amount of trouble, and adding to the expense of the 
permanent way. 

331. How the Bails are Laid. — ^Two plans, already men- 
tioned, are followed in laying down rails: — (!) That with 
longitudinal sleepers, which gives a continuous bearing ; (2) 
that with transverse sleepers, in which the sleepers are laid 
about three feet apart, and the rails supported on chairs. 

(1) The CorUinucms Bearing. — Here the rails are firmly 
secured to long baulks of timber laid in parallel lines, each 
line inclines a little towards the middle. They are kept at 
the proper distance apart by transverse pieces of timber, the 
ends of which are let into the baulks, and then secured by 
angle plates or wrought-iron knee straps. Sometimes these 
longitudinal sleepers are laid on transverse or cross sleepers, 
and thus the advantages of both i^stems are secured. 
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(2) The Transverse Sleeper Bearing. — ^This is the system 
that has been most generally adopted. Sleepers of good 
strong timber, twelve feet long and six or eight inches thick, 
properly .prepared (see page 294), are laid at intervals of 
about three feet or tibree feet six ; on each sleeper is securely 
fixed two chairs at the proper distance, in which the rails are 
firmly fastened, and so kept in their places steadily, and at 
a continuously equal distance. Formerly, where stone was 
plentiful, large blocks of stone were used to ^ the chairs 
to, and tiius support the rails. 

832. Broad and Narrow Gauge. — ^The Iroad gauge has 
a distance of s&oen feet between the two rails on which 
the carriages run, while the narrow gauge rails are 4 feet 
8^ inches apart. 

33S. To Adapt Broad Gauge to Narrow Gauge. — Great 

interruption and expense are entailed through railways 
being dT a different gauge. Instead of passengers and goods 
in bulk being conveyed from the starting place to their 
destination in the same carriage, much trouble and cost 
are incurred in changing from one line of rails to another. 
So much is this inconvenience felt, that gradually on the 
Great Western and other lines a third line of rails is being 
laid down, so that the inner line of rail and the third serve 
for the narrow gauge carriages. 

834. Fell Railway.-^The progress of railway locomotion 
has compelled engineers to turn their attention to steep 
gradients, and how best to drive an engine and its carriages 
up and down steep inclines. PracticaUy, we have returned 
to Blenkinsop's rail rack. The first plan proposed was to 
have a middle rail up the steep incline and a pair of wheels 
on vertical axes gripping the rail on each side, and which. 
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by their forcible revolution, would carry up the train where 
the ordinary driving wheels would slip wi^out efiect. Mr. 
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Fell, for the Mount Ceuis Sailway, patented s locomotive 
with horizontal cylinders and two pair of coupled gripping 
^ ^ — > -wheela driven direct without the inter- 

vention of bevel wheels, the coimecting 
rods th&t turn the gripping wheels work- 
ing in a horizontal plane. Fowei^d 
springs press the gripping wheels against 
the centre raiL 

Wand W are the wheels of the engine, 
B the middle rail, A and B the gripping 
wheels, a and a their axes. 

S3S. Tom Tables.— Turn tablen ore 
useAil and necessary adjuncts to a ter- 
minal station, especially when it is re- 
membered that every engine upon com- 
pleting a j oumey has to be turned round; 
for the engine has to drag the train of 
passengers andface any danger first. Turn 
tables are divided into two classes: (1) 
Those employed to turn the engine aiid 
its tender, which of course must be firm 
ftod strong, and are generally turned by 
gearing or hydraulic force; (2) tiiose 
employed for rereising carriages, which 
are not so strong, and are worked by 

In the annexed figure we have a sec- 
tion of a turn table. T T is the floor 
for carrying the rails, and on which 
the engine or carriage stands that has 
to be reversed, a the pivot, and w w 
the wheels or rollers on which the whole 
turns, and by which it runs round, a 
carries the centre of the fioor, and to to 
carry the outaide circumference \ rrrr 
are stay rods to bind the whole together, 
and to give strength and stability to 
the structure. M is the Bole or sole 
1 a solid foundation; the sole plate and the 
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plate, resting a 

wheds receive the whole weight of tiie tutu table and what- 
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ever is placed on it. C represents solid masonry. Turn tables 
are required to be strong and steady, and to work with little 
friction. They are constructed partly of cast-iron, and partly 
of wrought. In some arrangements the wheels ww run simi- 
larly to common railway carriage wheels. The whole is 
bedded on some solid foundation, such as stone or brickwork. 
Turn tables for engines and tenders have many wheels or 
rollers, and are made exceedingly strong. They are turned by 
gearing attadied to one of the rollers. The roller path 
frequently consists of an ordinary flat-footed rail inverted, so 
as to present its upper table as a bearer to the rollers. 

SS6. Traversers. — ^By means of a traverser, a carriage can 
be taken directly across a station from the side of one 
platform to that of the other. The traverser is a convenient 
and cheap substitute for the turn table, consisting of a low 
flat table which runs on a line of rails laid transversely to 
the lines of railway. It is fltted with a line of rails on 
itself, the rails overhanging at the sides, and are placed 
as low as possible, so as to just clear the fixed lines. 
When a carriage is run on to the top of a traverser, a 
process which is rendered easy by the aid of short incline 
planes attached to the ends of the table, it is then run or 
traversed over any number of lines of rails, and then run 
off and deposited on another line. The wheels of traversers 
are placed in pairs, one a little behind the other, to enable the 
traverser to pass the gaps in the traverse rails without shocks. 

337. Switches and Crossings. — Switches and crossings, 
or, as they are more commonly termed, points and crossings, 
are used for the purpose of allowing the trains to pass or 
cross over from one line of rails to the other. Several 
different methods have been devised for doing this. One of 
the simplest plans, and that most frequently adopted, is to 
lay down a short line of rails connecting the other two, and 
thus establishing the desired communication. It is, how- 
ever, necessary to have ready and expeditious means of con- 
necting and disconnecting tins short line with the main line, 
according as it is intended that the trains shall leave or con- 
tinue upon the latter ; this is effected by the contrivance 
termed a switch, which is shown in our figure. 

a h and c d are portions of the rail of the main line, and 
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c/and g h portions of the short line branching fix)m it. All 
these parts are immovably fixed in the ordinary maimer, 
with the exception of the two rails /t and k L These, which 
are termed the tongues of the switch or points, are only fixed 
at one of their ends /and k, on which they turn as centres ; 
the other ends are tapered away to nearly a point, a slight 
recess being sometimes cut in the other lines, as at t and l^ 
into which they fit. These tongues are connected together 
by a bar m n o, by means of which they are preserved at 
euch a distance apart, that when either tongue is in con- 
tact with the rail near it, the other shall be removed fix)m 
the one opposite a sufficient space to allow the engine or 
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carriage wheels to pass between. (Suppose the train to 
come in the direction of the arrow.) In order to keep the 
train on the main line, or to leave the same and enter the 
branch line, it only becomes necessary to move the bar 
mno. When mno, or the bar which moves the switch, 
is in the position as shown at A, the carriages will leave the 
main line ; but if shifted into the position shown at B, then 
they will continue on their course along the main line. It 
will assist the student to understand what has been said, if 
he will consider that the flange of the wheel bears against 
the inside of the rail. It is usual to have the points so 
arranged that they are kept in the position shown at B 
(where the main line is not interrupted) by a self-acting 
weight, the attendance of a pointsman being necessary to 
move them into the position A, if it is desirable that the 
train should go off the main line. Two guard rails, jpg and 
r *, are employed to prevent the flanges of the wheels from 
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striking against the point where the two lines intersect each 
other at L 



DIVISION vn. 

THE INDICATOR AND DIAGBAU. 

Bichard's Indicator — Diagram of Locomotive — Conclusion to be 
Drawn from Diagrams — ^Examples of Diagrams — Questions and 
ExaminationB. 

338. Bichard's Indicator, and the slide diagrams given 
on the marine engines, must be studied and mastered now. 
In what is here said on the non-condensing or high pressure 
diagrams of the locomotive, we have supposed the student 
has mastered the early lesson there given, and that, having 
some knowledge of the indicator and its action, he is now 
prepared to study the locomotive diagram. 

339. Indicator Diagram of the Locomotive. — ^The action 
of the valve in the distribution of steam, as we have already 
hinted, is regulated by the lap, lead, and travel. When 
these are given, a diagram will show us at what point of 
the stroke the steam is admitted, cut off, exhausted, and com- 
pressed or shut in. When the link motion is fitted, the 
steam is cut off earlier by shortening the travel of the slide. 
This is done in such a manner that, however much the travel 
of the slide is reduced, the lead is always the same, or at least 
as at full gear. With the shifting link, it is a little more. 
When the travel is shortened, not only is the steam cut at 
an earlier poiut of the stroke, but it is exhausted earlier, 
admitted earlier, and the exhaust port is closed earlier 
during the return stroke. Thus shortening the travel of 
the slide causes everything connected with the distribution 
of steam to be done earlier. 

Ko. 1 was taken with the shifting link in full gear in the 
first notch of the sector, No. 2 in the second notch, etc. 

Taking Ko. 1 first, we must understand that the port 
began to open for the admission of steam at the point A, 
about ^ of an inch before the beginning of the steam stroke, 
the line runs up instantaneously to B in time to commence 
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the steam stroke at the fall pressure. Wliile the pencO 
runs from B to tlie Bteam is at a contdnaous pressoro ot 
33 lbs., as shown hy the scale at l^e aide. At C the steam 
is suppressed or cut off, and vhile the piston moves the per- 



Inches of atroke. 
peadicitlar distance between C and X> (4^ inches), the enclosed 
Bteam expajids behind it, rapidly decreasing in pressure, as 
indicated by the falling line to D. At D, when the piston 
has yet to travel the perpendicular distance from D to 
. G, the port is opened to the exhaust, t'.e., it is opened 
when the piston has yet to travel three inches, the pressure 
therefore quickly decreases, aa shown by the falling line 
&om D to E. During the return stroke, the steam continues 
to exhaust into the atmosphere, and the atmospheric line 
£ F is traced ; but ordinarily the diagram seldom coincides 
with the line, as we have it here, for there is a certain 
amount of back pressure. When the piston gets to F, 
within three inches of the end of the return stroke, the 
exhaust port is closed, and the piston continuing its motion, 
the cushioning takes place, and the pressure of the pent-up 
steam increases, as shown by the rising curve F to A ; when 
at A the steam is re-admitted, and the curve traced again. 
We may, following the suggestion of Mr. Colbum, adopt the 
following terms and points of distinction : — 

A is the poMit of admission of the steam. 

B to C is the period of admission of the steam. 

C is the point of cut off or suppr^ssioiL 
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C to D is the period of expansion. 

D is the point of exhaust or release. 

D to E is the period of exhaust during the steam stroke. 

F is the point of compression. 

E to F is the period of exhaust during the return stroke. 

The portion of the stroke described while A B is traced 
is the period of pre-admission, or during which the Uad is 
taking effect. 

The portion between F and A is the period of compression 
or cushioning. 

The same definitions apply to all four diagrams, taken 
with four different notches of the sector. 

(1) B7 considering the diagrams here given, it is obvious 
that the sooner the port is closed to the admission of steam, 
the sooner it is opened to the exhaust, as well as the exhaust 
occupying less time, and also the sooner it is opened to 
admit steam. 

(2) Although every change takes place earlier, there is less 
difference in the positions of the points of exhaust, cushion- 
ing, and admission than in the cut off Therefore the period 
of admission being shorter, the period of expansion is longer. 

(3) By shifting the link motion, the steam may be cut off 
at from ^ to 4- of the stroke. 

(4) Wlien we increase the expansion, though the exhaust 
takes place earlier, it never commences within the first half 
of the stroke. 

(5) The period of cushioning, increasing as the admission 
is reduced, amounts to one-half the stroke at mid gear. 

(6) That the lead increases from 1 to 10 per cent, in pass- 
ing from full gear to mid gear. 

Let the student carefully compare these six assertions with 
^he diagrams, and not leave the subject until he has mastered 
them, when he will have learnt a really useful lesson. We 
will take two and^ve, and try and explicitly restate them. 

The period of cushioning, increasing as the admission is 
reduced, amounts to one-half the stroke at mid gear. 

In the first notch, the cushioning is from A to F, or meas- 
uring from F to O it is 3 inches. With the second notch it 
is measured by the thickly dotted line at the comer just 
above AF^ and takes place during 4| inches of the stroke^ 
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reckoning from O along the atmospheric line to where the 
line starts away from it. The cushioning is longer in the 
proportion of die line A F and the darkly dotted line near 
it, or in proportion of 3 to 4|. With the third notch, the 
cashioning is shown by the ^e dotted line at the same left 
hand comer, and takes place during 7§ inches of the stroke. 
When at mid gear the cushioning is shown by the line 
commencing at 12, or it takes place during the last half of 
the stroke. Thus the cushioning or compression at the 

Inches. 

l8t notch : 2nd : 3rd : 4th : : 3 : 42 : 7} : 12. 

Illustrating the second proposition: '^ Although eveiy 
change takes place earlier, there is less difference in the 
positions of the points of exhaust, cushioning, and admission 
than in the cut off Therefore the period of admission being 
shorter the period of expansion is longer." The straight 
horizontal lines along the top of the diagram vary in length, 
that taken with tibe first notch being longer than the 
second, the second than the third, and so on. *'The 
period of expansion is longer, for from D ifl shorter than the 
corresponding line on Ko. 2, and the one on No. 2 is shorter 
than the one on No. 3, etc., therefore we see the expansion 
increases. Again, as regards the first part of the proposition, 
there is less difference between the four points corresponding 
to D on the diagrams, than between the four points corre- 
sponding to on the diagrams. 

The diagrams show that nearly all the time of the exhaust 
(D E) is employed for the complete evacuation of the steam, 
and if this be so for slow speeds, it must be, in a greater degree, 
the case when the piston is running at ordinary speeds. 

The following diagrams were taken when the Great Britain 
was running at a velocity of 55 miles per hour under the 
first, third, and fifth notch of the sector. 

No. Lbs. Lbs. Lbt. 

1. Mean pressnre of steam 80.4^ Exhanst 10.8, Effective 69.6 

3. „ „ 62 „ 11.2, „ 50.8 

6. „ „ 40.9, „ 11.5, „ 29.4 

Cylinder 18 by 24, driving wheel 8 feet, lap IJ inches, 
travel in full gear 4f inches, lead f inch, blast orifice 5^ 
inches diameter. 
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The marks on tbeee diagramB show where the ebetaa is cut 
ofi) and where the exbaost commenoes. The diagramB prove 
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that the steam preBsnre &lls very gradually during the 
exhaust, especially at high speeds. The mean pressure on 
ibe first diagram, by exajnining the scale and drawing equidiS' 
taut lines, as shown in the cose of the marine diagram, amounts 
to 80 pounds ; now, if we exumine the curve at the bottom, 
we find that the pressure of steam does not descend to tha 
atmospheric pressure, but remains ahove it, or near the 
bottom line ; by taking the average of these distances from 
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the line, the back pressure is found to be 10*8 potmds, 
leaving an effective pressure of 80*4 - 10-8 = 69*6 pounds. 
The loss yielded by the early exhaust, when the link motion 
is used, is of no consequence, for an early exhaust, at high 
speed, is essential to a perfect exhaust during the return 
stroke. 



EXERCISES CHIEFLY FROM EXAMINATION PAPERS. 

1. Describe the feed pump and valves necessary for sapplyii^ the 
boiler. of a locomotive. What is the principle of Giffanfs injector 
(1869) ? 

2. How is a l6comotiye engine reversed by the use of a doable 
eccentric and link motion. What is the object of the sector with 
notches cut in it, whereby the starting lever can be held in inter- 
mediate positions (1869) ? 

3. State the leading features of Stephenson's invention of the 
locomotive encine and boiler, pointing out the difficulties which were 
overcome by uiis construction (Honours, 1869). ' 

4. The boiler of a steam engine should be strong enough to support 
the pressure of steam, the heat of the fire should not m wasted un- 
necessarily, and a sufficient supply of air should be provided for the 
bnmine of the fueL State particularly the manner in which you 
would design and set up a boiler so as to fulfil, as nearly as possible^ 
these requirements (Honours, 1871). 

5. Describe the general construction of a locomotive boiler. Why 
is the fire box made of copper ? How is it attached to the iron shell 
which surrounds it? How is the roof of the fire box strengthened 

(1871)? 

6. Describe, with a sketch, the feed pump of a locomotive boiler. 
What form of valves are used, and for what reason (1871)? 

7. What form of packing rings should you prefer for the piston of 
a locomotive engine? How are the brasses of the connecting rod 
tightened (1871) ? 

8. The stroke of the piston of an engine is 24 inches, and the 
diameter of the driving wheel is 8 feet, what is the mean velocity 
of the piston when the engine is running at 40 miles an hour (1871) ? 

At each revolution the wheel goes 8 x 3*1416 feet. 
Forty miles per hour is 40 x 1760 x 3 feet.- 

. •. The train moves in feet per minute — ^LjL — ^ 

60 

40 X 1760 X 3 

. •. Number of revolutions of wheel per mmute ^ 



60x8x31416 
But in each revolution of the wheel the piston moves 2 x 2 = 4 ft 

. •. Speed of piatou = ^J^^^^ 
*^ *^ 60x8x3.1416 

Bs 560 feet per minute. 
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9. How does a railroad differ from a tramroad ? Describe the 
method of sapporting rails upon cross sleepers, and of joining them 
secnrely (1871). 

10. State what yon know in respect of the arrangement and con- 
stmction of springs for the three different purposes for which they 
«re fitted to a passenger carriage, viz., as buffer, draw, and bearing 
springs (1871). 

11. Describe the link motion employed in reversing a locomotive 
engine. Upon what principle is* the power of the engine regulated 
by the position of the starting lever (1871) ? 

12. Describe some form of regulation valve for admitting steam 
into the pipe leading into the cylmders. Where is this valve placed 

13. Describe, with a sketch, the locomotive boiler. Why is the 
fire box made of copper ? Why is it essential to discharge the waste 
steam up the chimney (1869)? 

14 Describe the safety valve of a locomotive boiler. Explain 
Bourdon's gauge for ascertaining the exact pressure of the steam in a 
boiler (1869). 

15. Sketch and explain the arrangement of the feed pump and 
valves connected with it, as fitted to a locomotive boiler (1869). 

16. Describe generally the construction of a railroad. How are 
the tires of the wheels of the carriages shaped, and for what 
reason ? Describe the fish joint (1869). 

17. Ihcplain generally the nature of Stephenson's invention of the 
locomotive engme and boiler. Point out the advantages resulting 
from this form of construction (1869)^ 

18. The safety valve on the boiler of a locomotive is held down by 
a lever and spring ; sketch the arrangement. A safety valve 4 inches 
in diameter is constructed so that each pound of additional pressure 
per square inch on the valve corresponds to 1 lb. pressure on the 
spriiu^ what are the relative distances of the spring and valve from 
tne mLcrum of the lever? After the valve is set, how much addi- 
tional pressure per square inch will be necessary in order to lift it 
•]>)rth of an inch, the spring requiring 10 lbs. to extend it 1 inch 
(1871) ? Ana, 2 : 25 ; 497 lbs. 

19. State the differences in the construction of the driving axle of 
a locomotive engine when inside or outside cylinders are employed. 
Mention some of the advantages belonging to either mode of arranging 
the engine (1871). 

20. In driving a locomotive, if the valve gear were rersraed before 
stopping the engine what would occur, and what injuij might 
follow (1871)? 

21. Describe generally the locomotive engine and boiler (1870). 

22. When two equal and parallel cranks are connected b^ a link 
attached to the end of each crank, as in the coupling link which con- 
nects two driving wheels in a locomotive, wiU the rotation of one 
crank cause the other also to rotate? In what way does this kind of 
ooupling accomplish its object (1870)? 

23. Explain the method of reversing a locomotive engine (1870). 
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24. Describe the safety Tslve of a locomotive boiler, and the method 
of adjustmg it so as to blow off the steam at different pressures. 
Expliun the principle of any form of steam pressure gauge which yon 
would prefer to use (1870). 

25. Explain the importance of balancing the cranks in a looomoidve 
engine. The leading wheel of an engine is 3} feet in duuneter, what 
would be the pull on the centre of the wheel caused by an unbalanced 
weight of 9 Ids. upon the rim, when the engine was running at 20 
miles an hour (1870) ? 

Centrifugal force = (tot) x 9= 137-5 lbs. 

V = velocity per second. 

26. Describe the construction of a locomotive boiler. How is the 
fire box attached to the barrel of the boiler ? In what way is the 
draught obtaLued ? In a locomotive boiler there are 156 tubes, each 
2 inches in diameter and 127 inches long, what amount of heating 
surface do they give (1870)? Ana, 864*4636 square feet. 

27. Show with a sketch the method of fitting a safety valve to a 
locomotive boiler. The safety valve is 5 inches in diameter, and the 
besuing faces are inclined at 45'' to the axis of the valve. What 
should be the lift in order that the aviulable opening for tiie escape 
of steam may be i^ths of a square inch? Mow do you account 
for the fact that the pressure in such a boiler may often rise above 
the amount for which the safety valve is adjusted (1870) ? 

As the angle is 45% when raised the lift of the valve is equal to 
the breadth of the circular space open. Hence if a; = diameter of 
part of valve flush with the opening, we have 

(5»-»«)-7854 = A 
.\ x = 4-91 

.*. lift = 5-4*91 = '09 inches. Ana. 

28. Show how you would allow for the weight of the lever in 
adjusting the weight of the safety valve. 

29. Explain the principle of construction adopted in a locomotive 
boiler. How is the crown of the fire box strengthened (1870)? 

30. How much air is required for the combustion of 1 lb. of coke? 
Describe the arrangements for obtaining a sufficient draught of air in 
a locomotive boiler (Honours, 1870). 

31. Describe Giffard's injector, and give some explanation of its 
action (Honours, 1871). 

32. Suppose a train of 60 tons is drawn up an incline of 1 in 100, 
and the motion is 8 lbs. per ton, find the work due to gravity, fric- 
tion, and the total power required to draw the train up the indme. 

If it rises 1 in 100, the force due to gravity = -— 

60 

*• Force due to gravity on a 60 ton train = r^ = f tons 

= 1344 Iba. 



• • 
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Also M friction is 8 lbs. per ton 

force due to friction = 60 x 8 = 480 lbs. 
• *• Force to draw it up the incline = 1344+480 

= 1824 lbs. 

33. With what force would it descend the incline ? 
Force of gnyity im^ls the train downwards = 1344 lbs. 

„ „ motion resists this downward motion = 480 lbs. 
. '. There is left 1344 - 480 = 664 lbs. to move it down the incline. 

34. A stationary engine of 40 horse-power is situated on the top of 
an incline rising 1 in 6, what weight would it draw up such an incline 
(disregarding resistance of air) at a velocity of 220 feet per minute? 
A horse exerts a force of 9 lbs. to move a ton on a level road. 

Work of engine per hour = 40 x 33000 x 60 

Bise of incline in a mile = • = 880 feet 

6 

Work due to gravity in a mile = tons x 2240 x 880 

= 1971200 X tons (a) 

Work due to friction on a mile = tons x 9 x 5280 

= 47620 x tons (6) 

"By adding a and b. 
.'. Total work on a mile = 2018720 x tons 

220 X 60 
Now 220 feet per minute = — = miles per hour 

.-. Work to be done in one hour = 2018720 x tons x ^^^^ 

5280 

= Work of engine per hour 

.-. Tons X 2018720 x ^^ ^ ^ = 40 x 33000 x 60 

5280 

... Tons = 40 X 33000 X 60 X 5280 ^ j^.^^ ^^ 

2,018,720 X 220 X 60 
Or thus: 
Work of engine per hour = 40 x 33000 x 60 

Rifle of incline in one mile = —3- = 880 feet 



Bate of work = — roq^— miles per hour 

Workdnetomvityonatonp.mile=2240x880=1971200) ^2018720 
„ f, friction ,1 ,f = 9x5280= 47520) 

Total work on a ton per hour = ^^^720 x 220 x 60 

5280 
*. Since work on a mile x miles per hour = work of engine 



• • 



.-. Total number of ton. = ^^^^^4^21^=: 16-09. 

2018720 X 220 x 60 

85. An enguM ii required to draw 20 torn mp an indine of one ia 
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ten, at a velocity of 300 feet per minnte; suppoBing the resistance dae 
to friction to be 8 lbs. per ton, what is the horse-power of the engine? 

Ans. 42^. 

36. An engine of 60 horse-power draws 100 tons np an incline at 
the rate of 12 miles an hour; what is the gradient when friction is 
10 lbs. per ton? Arts. 1 in 256. 

37. Find the horse-power of a locomotive engine which, ronning 

40 miles per hour on a level track, draws a train weighing 70 tons, 

taking the friction at 8 lbs. per ton, and neglecting the resistance of 

the air. 

40 X 5280 
Distance train moves per minute = — — — = 3520 feet. 

Eesistance due to friction = 70 x 8 = 560 lbs. 

. *. Work of friction per minute = 3520 x 560. 

This must equal the horse-power in units of work. 

.-. Horse-power x 33000 = 3520 x 560. 

.-. Horsepower = ^^^^^1^ =5956. 

38. Find the horse-power of a locomotive to run 40 miles per 
hour, to draw a train of 70 tons, while ascendins a gradient of 1 in 
500, allowing 8 lbs. for friction, and neglecting the resistance of the 
air. 

From above work of friction per minute = 3520 x 560. 

„ „ „ „ hour = 3520x560x60 

= 118272000 
We next show how the work of ascending the gradient is calcn- 
lated. 

Pise of incline in a mile = -— — . = 10*56 feet. 

500 

Work due to gravity in a mile = 70 x 2240 x 10*56 

„ „ „ 40miles = 70x2240x10-66x40 

= 66232320. 

Total work in one hour = 118272000+66232320 

= 184604320 

Horse-power x 33000 x 60 = 184604320. 

Hoi^e-power = ^^ = »318- 
^ 33000x60 

39. A locomotive drew a train of 60 tons on a level line of rails a1^ 
a speed of 50 miles per hour, allowing friction at 8 lbs. per ton, whail 
was the horse-power ? Ana. 64. 

40. With what speed will an engine, whose effective horse-power 
is found to be 64, draw a load of 60 tons, the rails being laid on a 
level, and the usual allowance for traction assumed ? 

Ans. 60 miles an hour. 

41. A locomotive en^^e drew a train of 60 tons at a speed of 60 
miles an hour up an incline of 1 foot in 440; if we neglect the resist- 
ance of the air and allow 8 lbs. per ton for friction, what was the 
effective horse-power of the engine 7 Am, 104^. 
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42. A locomotive engine of 100 horse-power drew a train of 60 
tons at a speed of 50 mues per hour up an incline ; allowing 8 lbs. per 
ton for friction and none for the resistance of the atmosphere, what 
was the gradient ? Ans. 1 in 49S nearly. 

43. Find the horse-power to draw the train of 100 tons up the 
incline of 1 in 80 at the rate of 20 miles per hour, allowing 8 lbs. per 
ton for the friction. Ans. 102 h. -p. 

44. A train of 75 tons descends an incline of 1 in 400 at the rate 
of 60 miles per hour; find the horse-power, the friction being 8 lbs. 
per ton. Ana. Horse-power = 28*8. 

45. The stroke of an engine is 24 inches, it is makmg 70 revolu- 
tions per minute, and the diameter of the driving wheel is 6 feet ; 
what IS the speed of the train. 

In one stroke (forward and backwards) the wheel goes roimd once, 

or 6x3*1416 feet. 

In one minute the train goes 6 x 3*1416 x 70 (feet). 

„ hour „ „ 6 X 3*1416x70x60 (fee*). 

. a , , 6x3*1416x70x60 ^^ nn^ 1 

.*. Speed per hour = ^^^- = 14*904 miles. 

^ *^ 5280, 

46. What is the speed of the piston ? 

The speed of the piston is the velocity at which it moves pe« 
minute, or the distance it moves in one minute. 

In 1 stroke the piston moves 2x2= 4 feet. 
In 70 strokes „ „ 4 x 70 = 280 feet. 

47. An engine is running at the rate of 29*09 miles per hour, the 
diuueter of the driving wheel being 5 feet, and the stroke of the 
piston 16 inches ; what is the speed of the piston ? 

The simplest way to solve this question is first to find the number 
of revolutions of tiie driving wheel per minute. 

Train goes 29*09 x 6280 feet per hour. 

2909x5280 . . 

„ „ — „ mmute. 

Wheel in one turn goes 5 x 3*1416. 

xrn. 1 i. 29*09 X 5280 . . . . 

• •• Wheel turns times per mmute. 

60 X 6 X 3*1416 

= 163 nearly. 
Since each time the wheel goes round the piston travels 
16 X 2 = 32 = 2 feet 8 inches = 2| feet. 
.-. Speed of piston = 163 x 2| = 434| feet. 

48. Suppose the same engine to move at a velocity of 20*34 miles 
per hour, what is the speed of the piston ? Ana. 298 feet nearly. 

49. The stroke of an engine is 25 inches, the diameter of the 
driving wheel 6 feet 6 inches, what number of revolutions must it 
make per minute to give a speed <xt 40 miles per hour, and what will 
then be the speed of the piston? 

Ana. 172-3 strokes, and 718 feet. 
60. The diameter of each of n small cylinders is d^ for them the en- 
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gineer sabatituted one Itfge cylinder; ahow that the rabbing soiiaces 
or the friction was diminiuied, the length of the stroke being the same. 

Rabbing surface of n small cylinder =dxvxlxn 

Contents of small cylinder = (2* x 5 x 2 

4 

$f « »> cylinders =d^x'^xlxn 

4 
Bnt this is the contents of the large cylinder. 
Let D = the diameter of the laige cylinder. 

••. D* X ? X I = contents „ „ 

4 

.*. D« X ^ X I = d* xZ X I xn 

4 _4 

.*. D = dfsjn __ 

. '. rubbing surface of laxge cylinder =• d\Jn x v x I 

Hence, considering the friction the same as the rubbing surface. 
Friction of large cylinder d ^/n^^ I __ 1 
Friction of small cylinders' d if In Vn 

. '. by decreasing the number of cylinders we diminish the friction. 
Suppose one cylinder be substitued for /our, then the friction is 
dimmished one haK; for in that case twice' the friction of the large 
cylinder is equal to the friction of the small ones. 

51. Required the horse-power of a locomotive en^e which moves 
at a steady speed of n miles per hour on a level railway, the weight 
of the train being W tons, and the friction ^ of the weight of the 
train, the resistance of the air not being considered. 

The resistance to motion = ^^J^ — 

If n be the number of miles per hour the train moves 

. n X 5280 . .»,^ .^,. ^. 

,'. _- — IS the „ feet „ mm. „ „ 

oU 

rm. V * -i. ^ u^^ nx6280 2240xW 
.•. The number of umts of work done per mm. = — -— — x 

60 / 

^ n X 5280 X 2240 xW^^^^ ^ 2g^ or 8 lbs. per ton. 
33000 X 60 X / ^ 

n X 5280 X 2240 x W 
~ 33000 X 60 X 280 



• # 



128 X n X W 
100x60 



CHAPTER XVn. 
DE PAMBOUR*S THEORY. 

Introduction — ^Work Done on One Square Inch — Horse-Power — The 
Load — ^The Pressure— De Pambour's Theory — Relation between 
the Temperature and Pressure of Steam in Contact with the 
Water — ^Kehvtions between the Relative Volumes and Temper- 
atures of Steam — ^Velocity of Piston under a Given Load and 
Horse-Power — ^To Determme the Evaporative Power of a Boiler 
— Maximum Useful £^ect — ^Examples — ^Hyperbolic Logarithms. 

340. To find the TJnitB of Work Done on a Piston in One 

Stroke, when the length of the stroke is given, the point of 
cut-off, and the pressure of steam on admission. 
Let I = the length of the stroke in feet 
9i q = the distance moved by piston when the steam is 

cutoff 
„ p = the pressure at which steam enters the cylinder. 
ij 8 ^ the number of feet described at any part of the 

stroke 
,, p' - the corresponding pressure 

.\ p' : p : : q : 8 .-. p' = ^^- 

Dividing the length of the stroke into an indefinite num- 
ber of parts, and taking their sum, we must have as near an 
approximation as possible to the average pressure 

8 

Integrating this between the limits I and q, we get 
/• lPd$=zqp /'A? = g|,Oog.Z-log. g) 

^t 8 •'f * 

= j,>log,, J- 
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This is the work done by the expanding steam; we must 
add the work done before expansion if we wish for the total 
iinrts of work : the work done before expansion is evidently qp 

.\ Total work = 3r^ + qp log. i = gp (l + log. -^ ) 

Let US take an example and show the application of this 
formula. 

^^iT'-'^® length of the stroke of an engine is 6 feet, the steam is 
cut off at 1 foot, or ^ the stroke, the pressure of steam is 60 Ihs. on 
the square inch when admitted. Find the work done on each square 
mch of the piston. • 

We have to substitute in 9P (l + log. i) 

= ix6x 60 (1 + log^f ) 

= 1 X 60(1 + 1-791759) 
= 167-60554. 

From this we will proceed and find the horse-power. Given 
diameter of piston 35 inches, and speed of piston 25 strokes 
per minute. 

Area of piston = 35 x 35 x '7854 

Units of work done = 35 x 35 x '7854 x 167 50554 x 25 

. •. Horse-power - 35x35x7854x167-50554x25 
^ " 33000 

= 122 09. 

Evie to find, the work done on each square inch of the 
piston in one stroke : 

Divide the length of the stroke by distance moved through 
by the piston before the steam is cut off, take out the hyper- 
bolic logarithm of this, and to it add one, then multiply this 
sum by the steam pressure, and by the part of the stroke 
performed before the steam was cut off. 

The rule for horse-power is — ^multiply the area of the 
piston by the number of strokes, and by the pressure thua 
found, and divide by 33000. 

841. To find the load 

Let L = the load on the square inch. 
.*. L X ^ = the work done on a square inch in each stroke 
by the load, and as this must equal the work of the steam 
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I 



.-. Li=gp(l+log. 1) 

.'. L or Load = ^ (l+log.^ -) 

Utile to find the load: 

(!) Divjde the length of the stroke by the part of the 
stroke at which the steam is cut off, take the hyperbolic log. 
of this and add unity to it, then multiply this by the part of 
the stroke and by the pressure of steam, dividu^ this result 
by the length of the stroke we have the load. 

Ex. — ^The length of the stroke is 6 feet, the steam is cut off at 1 
foot, the pressure of steam is 60 lbs. on the square inch when ad- 
mitted ; find the load. 

Before qp (l + log. - ) = 167 'SOSS* = work dcme. 

\ « q 

Dividing this by I we have ^ 

.'.^{l+ log. J) . = 27. 91769 

= Load. 

842. Pressure. — Given the had, the stroke, point where 
steojn is cut offy to find the pressure at which the steam must 
he admitted. 

From formula %P (l +log. --) = L 

LI 

.\p = 



(1+log.. V) 



From which toe dedu>ce the following rules to find the 
pressu/re of steam, : 

(1) Multiply the length of the stroke by the load. 

(2) Divide the length of the stroke by the part of the 
stroke, take out the hyperbolic logarithm of this, and add 
unity to it, multiply this by the part of the stroke. 

(3) Divide the quantity obtained in the first rule by that 
in the second^ and the pressure is found. 

Ex. — ^The load of an engine is 28 lbs., the length of the stroke 
6 feet, steam is cut off when one foot of the stroke has been per- 
formed; required tbe pressure at which the steam was admitted. 
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6x28=168 ilULBiL 

6-?-l = 6 
Rule IIL HyperboL log. 6=1 7917504 

168 1 + 1*9717694 =2-7917694 

2-7917594 27917694 x 1 =2*7917594 

=60*17 lbs. pressure. 

The horsepower com he also expressed in terms of the same 
formula. 

Let d = the diameter of the cylinder. 
91 n = the number of strokes per minute. 



d«|ng;>(l+log.-) 



•'• ^•■^' " 33000 

343. De Fambonr's Theory. — Steam on its first admission to 
the cylinder moves the engine but slowly; the motion gradually 
accelerates till the engine attains a certain velocity which it 
does not surpass, the steam being incapable of sustaining a 
greater velocity. So long as the resistance remains constant, 
it has to move the same mass. To attain this velocity 
requires but a short time, and, when reached, the power is 
strictly in equilibrium with the resistance. Were the power 
to vary, the motion must accelerate or retard in proportion. 
The pressure in the cylinder is less than that in the boiler, 
therefore the steam changes its pressure in passing from the 
latter to the former, because in going from the boiler along 
the pipes to the cylinder, the pressure decreases, or the 
steam is allowed to expand j in the cylinder also the steam 
dilates, because the area of the cylinder is larger than the 
pipes and ports. The area of the cylinder is ten or twenty 
times that of the pipes. At first the piston does not move; 
when it does, steam continues to flow in, and the balance is 
partly restored. As the piston acquires a quicker motioa 
and develops a greater space before the steam, the latter 
dilates, till in time the piston moves as quickly as it possibly 
can xmder the supposed pressure of steam, and equilibrium 
is established between ^e moving power and the load or 
resistance. The pressure in the cylinder can never exceed 
that of the resistance of the load, and it is clear that the 
pressure of steam in the cylinder is regulated by the resist- 
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ance on the piston alone. Therefore, if P represent the 
pressure on each unit of surface, and K the resistance against 
the piston for each unit of 8ur£a.ce, the first equality is 
established, that 

F = R. 

But as the piston is in motion, the velocity as well as the 
intensity of the force is to be considered. The rate at which 
Bteam is generated in the boiler will obviously affect this 
velocity, and there is necessarily an equaUty between the 
quantity of steam used and that produced. K we let S 
equal the volimie of water evaporated in the boiler in a unit 
of time, and m the ratio of steam formed under the pressure 
P in the boiler, then m S will represent the volume of 
steam generated under the pressure P in a unit of time, this 
pressure P becomes P' in the cylinder. But steam in pass- 
ing from pressure P to P' will increase its volume in the 
inverse ratio of the pressures, therefore the volume m^ oi 
steam from the boiler will increase in the cylinder to a 
quantity whose volimie 

Now if v is the velocity of the piston and A the area of 
the cylinder in square feet, therefore A «; is the nimiber of 
cubic feet of steam expended in the cylinder in each imit of 
time. We therefore get the equality 

since the production of steam must be equal to the consump- 
tion. 

But before it was shown that P' = B, substituting B fox 
P', the equation stands thus : — 

Av = wi S |u 

_ til S P which is the velocity of the piston under the resist- 

• • * "" "X~ * ft wic© R« 

, •. B = ™'^ which is the resistance with the given velocity «. 

• S — ARp which is the evaporative power of the boiler, with 

* "wTP * certain load and given velocity. 
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These equations are sufficient to determine all ques- 
tions relative to the effect of steam engines. But 
they have been still further adapted to meet the re- 
quirements of different engines under their varying condi- 
tions. 

344. Relation between the Temperature and Pressure 
of Steam in Contact with the Water. — Steam generated 
under the pressure of 15 lbs. per square inch has a volume 
always 1700 times that of water. If two volimies of steam 
of the same weight be compared, we institute a comparison 
between their relative volumes; for, being of the same 
weight, they are produced from the same quantity of weUer, 
The relative volume of steam being the absolute volume 
divided by the volume of water from which it was produced, 
the ratio of any two relative volimies of steam is the same as 
the ratio of their absolute volimies. 

When steam remains in contact with the water in the 
boiler, the same pressure exhibited by the gauge corresponds 
to the same temperature in the boiler, and the same tem- 
perature in the boiler will always give the same correspond- 
ing pressure of steam. So, therefore, if we increase the 
temperature we increase the pressure and density, and we, of 
course, get the greatest pressure and density that steam can 
have at that temperature. 

But if the steam be taken from the generator and further 
heated in another vessel, we may increase its pressure or 
elasticity as we increase the temperature to almost any 
extent, but the state of greatest density ceases, for there is 
no water from which to increase its density ; also, we may 
increase the one without augmenting the other. The constant 
ratio between temperature amd jpressure does not exist. This 
is tlie great distinction between stea/m in eonta>ct amd not in 
contact with the water, . We can determine the elastic force 
if we know the temperature when steam is in the boiler, and 
vice versa, but such is not the case when not in contact with 
the water. To determine these pressures and temperatures of 
steam, when in contact with the water, has required a great 
number of expensive and delicate experiments. The true 
theoretic law connecting the two has not been ascer- 
tained ; but several formulas have been proposed that give 
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the relatiye connectioii within certain limits of tempera- 
ture. 

There is a direct relation between the relative volumes 
and the pressures, as long as the steam is in the boiler or in 
contact with the water. 

We must remember that steam in contact with the water 
has its maYimum density and pressure for that temperature. 
The formula proposed (for ; the true theory has not been 
yet precisely determined) is the following : — • 

Let p = pounds pressure per square foot, 
and v' = the relative volume : then 



n+ qp 

where for condensing engines 

»= -00004227 
q = -000000258 

while for non-condensing engines 

n = -0001421 
q- '0000002a 

From this formula the relative volume of steam generated 
under different pressures can be calculated. 

For instance, take two atmospheres 80 lbs., the relative * 
volume for condensing engines wQl be 

= 864-4 



-00004227 + -000000258 x 80 x 144 
For non-condensing engines we shall hare it 

— * 880*5. 

•0001421 + -00000023 x 30 x 144 

The volimie calculated by the ordinary method is 882. 

345. Relation between the Relative Toliimes and Tem- 
peratures in Steam Taken from the Boiler. — ^When steam 
is separated from the water, its temperature may be varied 
without changing its pressure, or the pressure without alter- 
ing the temperature. The density increases or diminishes 
according as the elasticity or temperature is affected. 
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Mariotte's law is, that if the volume of a given weight of 
steam be increased, the elastic force diminishes; or if the 
volume be diminished, the pressure increases; or it is afiected 
in an inverse ratio, i.e., if v and v' be two volumes of the 
same weight of steam, and p and p' their pressures, then 

p:p' : If/ :v (a) 

Hence i£rv and r' v* be their relative volumes, we have by 
the same reasoning, 

rvrr't/ : :|>' :i> (6) 
w : v' : : r » : r' v* (c) 

Oay-Lussao has shown that if the temperature of steam 
not in contact with the boiler-water be increased in temper- 
ature, for every degree centigrade the volume receives an 
increment of *00364 ; the oo-efficient of expansion is m<»e 
correctly •00366 = -j^. 

Hence if v and v' be two volumes of the same weight of 
steam and at the same pressure with the temperatures t and 
t', and V the original volume, 

V __ v + v-oosee^ _ i + •oo366< 

P V + V-00366*' 1 + -00366^' 
Hence from equation (c) 

r't^ l + '00366<' 

This law cannot, of course, possibly apply to steam in 
contact with the water, since the pressure varies with the 
temperature. 

846. To Find PresBure of Steam taken from the Boiler.— 

The formula for the relative volume is— 



V = 



n+qp 

If we, as before, suppose a volume of water S to be evapo- 
rated into steam at a pressure p, whose absolute volume is Y, 
we have — 

EeUtive vokme == i!?^2!5*iJ?l: == V == ,, == 1 



vol. of water S n+qp 

If the same body of steam, by passing into the cylinder^ 
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I 

etc.^ have its pressure changed to |>', its volume will alter to, 
. suppose, V. Then, again, we have — 

V' 1 -(2) butl= 1 



S n + qp' ^ n+ qp 

Dividing (1) by (2)— 

» -f- p 

— =z ^ + gP' - ? 1 

V n+qp n^^^ 

q 

so, therefore, the volumes of the steam are not in the inverse 
ratio of the pressures, but in the inverse r^tio of the pres- 
sures plus the same constant quantity (-j). 

Finding p from the equation Z, ^JLtM' 

V fj + qp 

V' / n+p' g ) _ n 

^ V \ s -' i 
We now proceed — 

847. To Find the TTseAil Load when Working Non-Ez- 
pansively : — 

From above -^r-= 

S n+qp 

Let L = the length of the stroke. 
c = the clearance. 

A = as before, the area of a section of the cylinder. 
N = the number of strokes per minute. 
.*• L + c is total length of cylinder filled with steam. 
A (L + c^ is total volume of one cylinder full of steam. 
A N(L + c) is the quantity or volume of steam used per 
minute. 

If « be the velocity of the piston in feet per minute 

li 
.-. Steam used per minute = ^ A(L + c)=i ^A2i±l)=: V 

. V _ t?A (L + c) _ 1 
' ' S " LS n + qp 

vA{L+c) 



i 
1 
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but the pressure p must equal the total resistance, which is 
composed of R the useful load, /the friction of the unloaded 
engine, a It the addition friction for the loaded engine, and 
let p' be the pressure of the uncondensed steam. 

.\p='R+ «R+>'+/ = R(l+ «)+p'+/ 
Bubstitutiag in (a) above 

solving the equation 

(t7A(L + c) )g(l+«) 

S48. To Find the Horse-Power: Working Non-Ezpan- 

sively. — ^Let the whole resistance = E,', this must equal p in 
equation a, by substituting R' for p we get 

Multiply each side by A v 

.-. AR't;= i- \ .^ -nAvl = h.p. (c) 

33000 
or this is the horse-power required. 

349. To Find the Velocity of Maximum TTseM Effect 
when Working without Expansion. — ^This means that we 
are to find at what speed the engine should run, so that we 
may get most work but of it. 

This velocity will evidently be attained when the pressure 
of steam in the cylinder becomes equal to that in the boiler, 
and therefore is equal to p. 
From our first equation (a) 

LS 
^ + ^P= vA{L+c) 
LS ^ 1 
A(L+c)" n+qp W 

which is the equation required, giving the velocity of maxi- 
mum useful effect. 

350. To Find the TJseftil Load when Working Expan- 
sively. — ^Taking the same notation as when working wiliout 
expansion, and letting 

Z = the length of the stroke traversed when expansion 
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begins, or the distajice travelled by the piston before steam 
is cut off. 

Let V be the distance at any point of the stroke when the 
steam is expanding and its pressure falls to p\ 

Now from what precedes at pressure p the relative volume 
• s 

a 
.*. At pressure 2>' it is = 



n+qp* 
t\ If V is the relative volume at the pressure p and 

I + ci q J q 

but the pressure may be assumed as constant for a veiy 
short space of the stroke (d I'), and, therefore, the work done 
while the piston traverses that small distance is = 

Ay (d ¥). 

.'. The whole work done during expansion must be that 
given by the following equation, which we must integrate b^ 
tween the limits L and I to obtain the work done during ex- 
pansion : — 



A/p'{dV)^A(l + c)(IL +p)/J^-A^ fdV 
•J \q '-^^ V + c q •[ 

=A(Z + c)(!L+^)iog ^«-A!L(L-g 



q • t + c q 

but the work done before expansion, which is A j9 ?, must 
be added to this to give the total work done. 

.-. Wholework==A(Z+c)/iL+p) jy^ + log. i^"^} -A^^ L(/) 

\q ' \ ft+c • l+c ) q 

but this is, of course, the resistance = K' x L 
which from what precedes = } R (1 + «) + i>'+ / | L 

.-.AL }R(l+«)+y+/{=A(Z + c)(-+i>)C-A *Ll {g) 
where C is substituted for — L- + log. "T "*" ^ 
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.-. A I R (1+ .)+j,'+/ \ =:M^ (JL + ,) C- A * 
Now IM±A = _iL_ ... „+jp= IlS 

which is the useful load when working expansively. 

851. To Find the Horse-Power when Working Expan- 
sively. — ^From equation (g) the whole work done in one 
stroke is 

A(l + c)JL±lPc-AtL 

but if we let R' represent the whole resistance 

.-. AIl'L = A(Z + c)^L±.^C-AL 1 

.-. AR' =i(SO-An) 

.. AK »-„(____; = H.p. (0 

this equatiqn will give the horse-power when working ex- 
pansively. 

S52. To Find the Velocity of Maximum TTseftil Effect 
when Working Expansively. — ^The volume of steam used 
per minute when working expansively is = 

.-. V- Ai?(g+c) ^ 1 

* S LS n+gp 

n+gp j * + c A J 
where v is the velocity of maximum useful effect required) 

353. To Find the Diameter of the Cylinder to Oive a 
Certain Power^ etc.^ when Working Expansively. — ^Equa- 
tion (A) was 

R= ,,\ > 5 1^ -Z { where Z^n^-q (p'+/) 
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Solving ibis equation we find 



S 



A= — I r=i.<^' ("») 

«|Bg(l + «)+Z| 4 

fn>m whiich equation the diameter is known. 

354. To Find the Evaporation when Working Ezpan- 

sively. — ^From the last equation (m) 

A V I R g (1 + «) + Z I (n) 



355. To Find the Point at which Steam must be Oat Off 
to Attain the Maximum TTseftd Effect.— Since 

and V or velocity of maximum useful effect 

_ SL 1 

A(/+c) n+ qp 
substituting this for v in the second member of the equation 
we get 

g(l+«)i^ ^* l+c^l + c/ l+c n+qp\ ^ ''/J 

Differentiating with respect to Z to find the value which 
makes AHv & maximum, we have 

ci(ARt;)_ S )-Z+L(^-t^^Pl±Z\) ^ 

n+qp 

We now proceed to apply the equations found. The 
first three, being of no practical importance, are lightly 
passed over, as engines do not work without expansion. 

In equation/we hare log.^ ^^J 

^S' TITc ^^^'^ ^ foxmd from the common logs, by multi- 
plying by 2-350285 ; thus. 

Log. J^=2'302686xLog.io^ 
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To save trouble it is customary to give the log. 



I + e 

T 

to the grade of expansion 7 in a table, but it may be 

observed that it is far better to give the length of stroke, 
clearance, and cut off — ^then all that the student has 

to remember are the values of n and q in the formula ^. - 

instead of burdening his mind with constant logarithms, or 
employing tmnecessary tables. 

EqucUion c gives the korse-power when not working expamr 
sively^ if we make the proper substitutions for q c, etc., as 
previously indicated, and dividing by 33000, we have 

_ 3238686-5 S -555-6154 dH 

^•■^•"" 33000 

= 98-14 S- -0168 d«»^ 
Hence the rule for finding the horse-power when not working 
expansively. 

(1) To the log. of evaporation of number of cubic feet per 
minute, add log. of 98-14. 

2) Find the natural number of this. 

3) To log. of -0168 add twice log. diameter in feet, and 
log. velocity of piston per minute. 

(4) FiQd the natural number corresponding to the sum of 
this log. 

(5) Then subtract the one natural number from the other, 
the remainder is the horse-power. 

We give no practical illustrations of these rules, because 
no engineers are now so injudicious as to work their engines 
without expansion. 

S56. To Find the Evaporation of a Boiler whm we hrmo 
the horse-power, velocity, cmd a/rea of piston (not working 
encpcmsively), 

„ _ _ 3238686-5 S - 555-6154 d^v 

33000 
H.p.=98-14S--0168d2« 
. « _ H.p+-0168d«« 

• • ' 9814 - 

Equation i gives the horse-power wh^en working eocpansively* 

q \ 33000 / 
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making the proper substitutions^ as in'^page 32 1^ etc., De 

Pambour*s rule /or finding the horse-power when working 

expansively becomes 

^ ^ , 339996874 SC ■ 5556154 dh 

3^00 

= 103029 SC- -0168 (Pv. 

Hence we obtained the following rules for finding the horse- 
power of an engine under this condition: — 

(1) To the log. of 103*029 add log. evaporation of cubic 
feet per minute, and the log. of j ^ + log. ]t^ I 

(2) Find the natural number corresponding to the sum of 
the above logs. 

(3) To the log. of -0168 add twice the log. of the 
diameter in feet, and log. velocity of piston in feet per 
minute. 

(4) Eind the natural number corresponding to the sum of 
these logs. 

(5) The difference between the natural numbers found in 
(2) and (3) will give the horse-power required. 

I^ote, — ^Log. ) J — + log. -j^ I must be calculated by itself. 

We have indicated above how log. -y^ may be foimd, after 

which no difficulty ought to be foimd in finding the correct 
result. 

Ex. — ^The boilers of an engine evaporate 4 cnbic feet of water per 
minute, the diameter of the piston is 6 feet, the length of the stroke 
5 ft., and the number of strokes per minute 20; if the steam is cut oft 
at i the stroke find the horse-power. 

S or evaporation = 4 cubic feet per minute. 

Speed of piston = 6 x 2 x 20 = 200 feet per minute. 

Let the clearance at each end be 2 inches, then 

-J_ + log. JdL^= *^^^ +log. ^+* 

15^, 31 

= i6+^^«--16 
= -9376+ -657620 
= 1-59502. 

* Taka <mt kg. Sl^iaUnot log, 16 fi»m it, moltlpljr thii by 2*802685, wiU glTO 
'467620. 
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.-. H..p = 103-029 X 4x1-69502 -•0168x36x200 
= 657 -6 -120-9 
= 636-6 

Or it may be done thus by logaritlims : 

BXTLES I AND IE. BXTLES III AND IV. RULE V. 

Log. 103-029=2012958 Log. -0168 =?225309 657 -5 • 

Log. 4 = -602060 Log. dia. 6 = 778151 1209 

Log. 1-59502= -202897 -778151 h. -p. :^5dQ^,Ans. 

Log. 657-5 =2-817916 Log. 200 =2 -301030 

Log. 120-9 =2-082641 

Ex. — ^The boilers of an engine evaporate 270 cubic feet of water per 
hour, the diameter of each piston is 66 inches, the lengiJi of stroke 
6 feet, the steam is cut on at 2 feet, and the number of revolutiona 
of the crank is 20, allowing 2 inches for clearance determine the 
horse-power. 

270 
S or evaporation is — ^ = 4-6 cubic feet. 

60 

Speed of piston is 6 x 2 x 20 = 240 feet per minute. 

13 ^"^^••13 
= -923 + 1-040276 = 1963276 
.•. H.-P. = 103029 X 4-5 X 1963276 - 0168 x 6-5» x 240 
= 910-2-121-9 
= 788-3, -4fw. 

Or it may be done thus by logarithms : 

KXTLES I AND II. KxTLES III AND IV. BULB V. 

Log. 103029 =2-012958 Log. -0168 =2-225309 910*2 

Log. 4-5 = -653213 Log. dia. 5i= -740363 1219 

Log. 1-963276= -292980 -740363 h..p.'788^^iia 

Log. 910-2 =2-959151 Log. 240 = 2-380211 

Log. 121 -9 =2-086246 

Equation m gives the a/rea of the piston, cmd hence its 
dia/meteTy so that with a certain eoaporationy horsepower, 
velocity, etc., we may find the required dimensions of the 
cylinder. 

^ V JRgr(l + «) + z| 

making the proper substitutions and reducing down we 
obtain the 



• • 
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H.P. = 103*029 so- -0168 d^v. (r) 
,'. -0168 d^v = 103029 SO- h.p. 

, _ / 103-029 SO - H.p. a 

^ 0168 XV ) 

ItuLE I. — ^To logarithm of 103*029 add logarithm evapora- 
tion of cubic feet per minute, and logarithm 0, then take out 
the natural number. 

Rule II. — ^To logarithm of velocity in feet per minute 
add log. '0168, then take out the natural number. 

Rule HI.— Subtract the horse-power from the number 
found by Kule I., and divide this by the number found in 
Rule U,, extract the square root of the quotient, and the 
result is the diameter in feet. 

Ex. — ^The stroke of aa engine is 5 feet, number of revolntionB per 
minute 50, horse-power 1600, the evaporation of the boiler 390 cuoic 
feet per hour, the steam is cut off after the first foot of the stroke, 
allowing the dearaace to be f of an inch, find the diameter of the 
cylinder. 

The evaporation per minute = 6*5 cubic feet. 

The speed of the piston is 5 x 2 x 60 = 500 feet per minute. 

Olearanoe j of an inch = ^ of a foot. 

or j r +log., I will be the sameas in the examples on 

page 333, we therefore write it down as 2*554636. 

• d - / 103*029 SO- H.P. \i. 
V 0168 X V. f 
^ /103029 X 6-5 X 2*554636 - 1600 \i 

^ V 0168 X 500 ^ 

... = (lZM:Z|lli^ i = 3*69, ^^ 

Or thus by logarithms : 

BuLE I. BuLE n. 

Log. 103029 = 2*012958 Log. 600 = 2*698970 

Log. 6*5 = -812913 Log.*0168 ='2*225309 

Log. 2*554636 = 407329 Log. 8*4 = 924279 
Log. 1714-74 = 3-234200 

^^ ( 1714-74-1600 )4 ^ /11£74\4 ^ 3,59 f^ 

^ 3.4 / \ 8-4 / 

Ex.— Find the diameter of a cylinder to give 200 horse-power when 
the evaporation is 1*09 cubic feet per minute, the length of the stroke 
5 feat, and number of revolutions 21^ the steam is cut off at i, and 
the clearance t ii^ch* 
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The evaporation per minute is 1*09 cnbic feet. 
„ Speed of the piston 5 x 21 x 2 = 210 feet per minntei 
„ Clearance ^ of a foot 

G or + log. ■■ will be the same as in nezt'ezample. 

I + c ' I + c 

We therefore omit this calculation altogether, merely writing 

it = 2-554636. 

Rule I. 

Log. 103029 = 2012958 Log. 210 = 2-322219 

Log. 1-09 = -037426 Log. 0168 = 2225309 

Log 2-554636 = -407329 Log 3 528 = -547628 

Log. 286-888 = 2-457713 

.-. d = (286-8f - 200y = (fmf ^ 4.9g2f^ 
^ 3-528 ^ ^3-528 ^ 

= 5 nearly. 

Equation n gives the evaporation when we know the grade 
of ea^pa/naion, horse^power, etc., toorldng expansively. 

Av |R(?(1 + «) + z| 

S = Q 

without taMng the trouble to substitute, we may find from (r) 
above. 

H.P. = 103-029 SO- -0168 dH 

. g _ H.p. + '0168(?»g 
103029 

We have, therefore, the following rules for fiudiug the 
evaporation required to produce given results when the steam 
is used expansively : — 

Rule I. — To log. -0168 add twice the logarithm of the 
diameter and the logarithm of the speed of the piston in feet 
per minute. Take out the natural number. 

Rule IL — ^To log. 103029 add log. C, found as before, 
and take out the natural number. 

Rule III. — ^Add the horse-power to the niunber found by 
Rule I., and divide the sum by the number found in Ride HL 
This gi^es the evapomtion p^ hour. 

Ex. — The stroke of an engine is 5 feet, niunber of revolutions per 
minute 50, the horse-power 1600, the diameter of piston 42 inches, 
and the grade of expansion {, and the clearance § oi^an inch. Find 
the evaporation. 
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Velocity of piston is 5 x 2 x 50=500 feet per minute. 
Clearance § of an inch=-^ of a foot. 

— 8 9 4. 1 n<r 181 

= •9697 + 1-684936 
= 2-554636 
. g_ H.-p. + '0168 cZ«t; 

• • 103*029 0. 

, 1600+ -0168x3'5«x 500 
103029x2-554636 

^160|^9^e.47. Ans. 

Or by logaritlims, wHcli is a much easier method, it is done 

thus — 

BuLE I. EuLE n. 

Log. -0168 = 2-225309 Log. 103029 = 2*012958 

Log. (dia.) 3J = '544068 Log.2-554636 = -407329 

•544068 Log 263*2 = 2-420287 

Log. 500 = 2-698970 ^ * 

Log. 102-9 =2-012416 
g _ H.-p. + -0168 <g'y. 

103029 0. 

Or Rule III. 
1600 + 102-9 _ 1702-9 a A*t x.- t t. • j. 

~ 263^2 263^ ~ feet per minute. 

Ex. — ^The diameter of a cylinder is 6 feet, the number of strokes 
Der minute 21, and the stroke 6 feet; if the steam is cut off at 1 foot, 
find the evaporation, allowing g for clearance, the horse-power 
being 200. 

Velocity of piston = 6 x 2 x 21 = 210 feet per minute. 

Clearance -^ feet. 

Li_ + log. |i±£ = 2-564636, as in the last problem. 
Rule L Rule II. 

Log. •0168 = 2-226309 I^«- „^E'2?2 = ^'^i^^S 

Log.(dia.)6= -698970 Log. 2-554636 = 0407329 

-698970 Log. 263*2 = 2420287 

Log. 210 = 2-322219 

Log. 88*2 = 1-946468 

g _ H.P. + •0168 d^v, 

103029 C. 

_ 2 00 + 88-2 _ 288-2 

263-2 263-2 

= 1*09 cubic feet 



334 STEAM. 

EquaUan h gives the velocity of ma/admum useful effect^ 
and may be thua applied — 

( {I +c) A ) w +2P 
S L , 1 

d« X "7854 i + c n + gr^j 

Ex. — ^The evaporation is 8} cubic feet per nunute, the pressiire at 
which the steam is admitted to the cylinder 31 lbs., the diameter of 
the cylinder is 7 feet, and the length of the stroke 6} feet, the steam 
is cut off at half -stroke. Find the speed of the piston or maximum 
useful effect Clearance ^ feet. 

Evaporation per minute in 8*5 cubic feet. 

Clearance, ^ feet. Diameter, 7 feet. 
Now 

^ ^ s X L X. L_ 

d« X -7854 I + c n +qp 
^ 8-5 6it 1 

"■ 7 X 7 X -7854 3i + ^ 00004227 + •000000258x144x31 
- ^'5 _ ^208 1 

■" 38-4846 106 '00119392 

= ^.Qoo = 366 '4 = No. of revolutions, 

Log. 8-5 = '929419 Log. 38 4846 = 1-686286 

Log. 208 = 2-318063 Log. 105 = 2-021189 

= 3-247482 Log. 00119392 =3-076973 

•68344 8 '683448 

Log. 366'4 = 2-664034 

.'. Speed of piston = 366-4 feet per minute. 

.*. No. of revolutions: S2z = 28 nearly. 

2 X 6J 



EXERCISES CHIEFLY FROM EXAMINATION PAPEBa 

The clearance allowed in finding the answers to the following 
problems is in all cases fths of an inch, whidb. is about the proper 
quantity. The student must not use the special tables given in some 

works on steam, for + log , J , the clearance there 

allowed is out of all proportion in some cases, and the true relation 
between L and I is too often a matter of average, instead of proper 
calculation. In every answer here given, the true quantities have 
been substituted in the formula last named, and the hyperbolio 
logarithm used, either taken from a table of hyperbolio logarithms. 
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or calculated by employing the ordinary logarithms as indicated on 
page 327. 

1. Investigate the relation between the osefol effect of a steam 
engine, the evaporation, speed, and area of the piston (1), when the 
engine is not, and (2), when it is, working expansively (1863). 

2. What is meant by the nominal horse-power of an engine? and 
show how it is determined for paddle-vmeel vessels. Find the 
nominal horse-power when the diameter of the cylinder is 55i inches, 
BJToke of piston 5 feet, and number of revolutions 21. Find the effec- 
tive evaporation of the engine whose dimensions are given above, if 
the horse-power be supposed to be 120 (1863), steam cut off at I. 

Ana. 107*8 and*6962 cubic feet. 

8. "V^ahing to construct an engine of 250 horse-power, what must 

be the diameter of the cylinder thftt the length of the stroke may be 

5 feet 10 inches, and the number of revolutions 21 (1863)? 

Ana, 78*24. 

4. Ilnd the quantity of water evaporated by a boiler if the initial 
indicator pressure be 16 lbs., the diameter of the piston being 3 feet 

6 inches, length of stroke 4 feet, and number of revolutions 25 (1863), 
ateam out offat }. 

First find the horse-power = 113*72 

Next find the evaporation = *904 cubic feet per minute. 

5. Find the nominal horse-power of an engine of the following 
dimensions : — 

Diameter of cylinder 53} inches 

Stroke of piston 5^ feet 

Number of revolutions 22. k/w. 115*44 H. -p. 

6. Find the effective evaporation of the enmne whose dimensions 
are given above, supposing the horse-power to De 110*6 (1865), steam 
cut off at 1} feet. Ana, 82. 

7* Given the evaporation of an engine, the speed and area of the 
piston, investigate an expression for tiie horse-power (1865). 

8. Investigate, accordmg to De Pambour's method, an expressiop 
the worlL done in a oon&nsing engine when working expansively 
(Honours, 1870). 

9. Find an expression for calculating the effective evaporsttion of a 
condensing engine of given dimensions and horse-{K)wer, the piston 
moving with a given velocity, when working expansively (1866). 

10. In a pair of engines the diameter of the cylinder is 60 inches, 
length of stroke 4 feet 6 inches, the number of revolutions 63, find 
the nominal horse-power, and the evaporation of a set of boilers to 
supply the engines, the steam being cut off at ( of the stroke (1866). 

Ana, 680*4 K h.p. ; 2*288 cubic feet. 

11. Find the quantity of water evaporated by a boiler, if the initial 
indicator pressure be 18 lbs., the diameter of the piston 4 feet 6 inches, 
length of stroke 4 feet, and the number of revolutions 31 (1866), steam 
cut off at one half stroke. Ana, 2*014 cubic feet (h.p. 262^). 

12. The diameter of the cylinder of an engine is 66 inches, iSie 
stroke of the piston 5 feet, the number of revolutions 33, find the 
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efiPective evaporation, the horse-power being 150 '8 (1867), steam cut 
off at i. Ans, 1*031 cubic feet. 

13. Livestigate a formula for finding tbe diameter of a cylinder to 
work at a given speed, knowing the evaporating power of the boiler 
(1867 and 68). 

14^ Investigate an expression for the horse-power of an engine (1) 
working without expansion, (2) with expansion (De Pambour's 
method), (1867 and 1868). 

15. Fmd the effective evaporation of the boiler for a pair of engines of 
750 collective horse-power, the diameter of the piston being 88 inches, 
the length of the stroke being 5 feet 2 inches, the number of revolu- 
tions per minute 60, the steam being cut off at one-fourth of the 
stroke (1868). Ans. 2*714 cubic ft. for each engine. 

: ' 16.- Upon what principles is De Pambour's theory of the steam engind 
founded? (Honours, 1869). 

17. Knowing the evaporation of an engine, the speed and the area of 
the piston, show how to calculate the horse-power (Honours, 1869). 

18. Prove De Pambour's rule for finding the horse-power of an engine, 
knowing the evaporation, and speed, and area of the piston (1865). 

19. What determines the nominal horse-power of an engine? What 
evaporating power should a boiler have for a pair of engines of 560 
collective horse-power, the diameter of the cylinder being 88 inches, 
length of stroke 5 feet 9 inches, and making 17 revolutions per 
minute (1865), steam cut off at ^? Ans. 1*191 cubic ft. for eaich. 

20. Calculate the work done by the steam in One stroke of the piston, 
taking clearance into account, i^e steam being cut off at one-twelfth 
of the stroke (Honours, 1871). 
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2i 

2i 
2| 

3 

3i 
3i 
3S 
4 



000000 4i = 1 

223143 44 = 1 

405465 4S = 1 

559615 5=1 
693147 5 i = 1 
810930 ; 54 = 1 

&16290 5| = 1 

011600 6=1 

098612 6i = 1 

178654 64 = 1 

252762 6| = 1 

321755 7=1 

386294 7i = 1 



•446918 74 

*504077 7i 

•558144 8 

•609437 8i 

•658228 84 

•704748 81 

•749199 9 

•791759 9i 

•832581 94 
•871802 
•909542 
•946910 
•981009 



91 
10 



w 



= 2 014903 
= 2 047692 
= 2079441 
= 2110212 
= 2140066 
= 2169053 
= 2197224 
= 2224623 
= 2-251291 
= 2 277265 
= 2302586 

= 2^396049905 



6*9= 

1*9375= 

Hot 

2*846= 

3 612= 

8929= 

w = 

185 
^4 



17917520 
•6575042 

1060276 
1*2842680 
1-3684170 
1*6848968 

•6854265 
2 0423030 






CHAPTER XVnL 
COMPOUND ENGINES. 

DistinctiTe Feature — Inverted Direct-Acting Componnd Snrface 
Candensing Engine — Elevation — Doable Compound Eneine — 
Surface Condenser — ^Worked Diagrams «l Ccimpoimd Marino 



It is thought advisable, in consideration of the prominence 
and importance of compound engines, to add to our remarks 
in chapter lY., p. 82, on that subject. The diief distinctive 
feature in a compound engine is that there are two cylinders 
— a high-pressure and a low-pressure. Steam of a high 
pressure^ from 60 to 80 pounds (in the boiler), is admitted 
into the smaUer, or high-pressure cylinder; and after it has 
done its work, it is taken to the larger or low-pressure 
cylinder, where it is again employed to give motion to the 
second or larger piston. 
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In its simplest form the compound engine consists of two 
cylinders AB and A'B'. The high-pressure steam enters the 
part A of the smaller cylinder, and drives the piston P down, 
and with it F'. The steam having performed its work in A 
with a due amoufit of expansion, is admitted to the other 
aide of the larger piston P' into A'. At the same time, fresh 

Y 
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high-pressure steam is admitted to B, so the piston is driven 
lip ; the steam that was in A' and assisted in driving up P is 
now allowed to pass to the condenser when the steam that 
drove up P in B is allowed to pass into B', while a fresh 
supply from the boiler is admitted to A. So that it is seen 
that the steam is used twice — first on the top of the smaller 
piston, and the next at the bottom of the larger; while that 
which is used on the bottom of the smaller is used on the 
top of the larger. 

But the arrangement now generally followed will be 
perhaps best seen in the annexed description of 

357. An Inverted Direct- Acting Compound Surface 

Condensing Engine, or High and Low Pressure Screw En- 
gines. — ^This is the kind of engine now generally used for 
marine purposes. It mainly consists of two cylinders and a 
condenser. The cylinders, as previously intimated, are 
termed high and low pressure. The high-pressure cylinder 
is usually a little more than half the diameter of the low 
pressure. Steam is first admitted, direct from the boiler, to 
the high pressure valve chest and cylinder ; and after per- 
forming its work in this cylinder, with a cut off that varies 
in every engine, it is exhausted into the low-pressure steam 
chest and cylinder, where it again performs its work expan- 
sively; after this, it passes to the condenser. 

a, in figure on opposite page, is the low, and h the 
high pressure cylinder ; c is the condenser, and d columns 
supporting the cylinders and engines. The cylinders are 
supported on the columns and on the condenser c. (The 
letters in the two figures correspond.) One of the piston- 
rods is shown at e, and a connecting rod at f, working the 
crank and shaft ^'. The reader must imagine the piston, 
crank, etc., of the low pressure behind these. The circulating, 
feed, and bilge pumps are worked by the pump lever g. 
The air pump A, with one feed and one bilge pump, is 
worked by the high-pressure engine, and the circulating 
pump, with one feed and one bilge pump, by the low-pressure 
engine. 

The engines work in the following manner : — Suppose we 
commence by starting the engines, and consider the piston in 
the high-pressure cylinder is at the top of its stroke, the steam 
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port will then bd open, by tlie amount of lead, so as to admit 
steam immediately to the top of the cylinder. Bat as the 
crank and connecting rod are in a straight line, the piston 
cannot move ; the starting valve must therefore be opened to 
the bottom of the low-pressure cylinder, for the two cranks 
are usually set at an angle of from 90^ to 120^ with each 
other — the high-pressure crank always leading. The high 
pressure piston will now move down, and at about one- 
fifth of its stroke the steam port will be full open to the 
top. After the piston has performed about five-eighths 
of its stroke, steam is cut' off, while at about seven- 
eighths of the stroke the top exhaust begins to open into the 
low-pressure steam chest ; thence the steam passes through 
the port into the low-pressure cylinder to the top of the pis- 
ton, the position of whidi is determined by the angle be- 
tween the cranks. After the low-pressure piston has been 
driven down, the steam is exhausted into the condensers. 
Steam is admitted direct from the boiler to the bottom of the 
high-pressure cylinder, and thence, after having performed its 
work, to the bottom of the low-pressure cylinder and then to 
the condenser, as has been explained for the top. Thus, then, 
the steam has been traced from the boiler to the cylinders, 
thence to the condenser, where it again assumes the form of 
water, after which it is lifted into the hot well by the air 
pump, when the feed pump comes into play, and forces the 
water into the boiler as fast as required. It is, of course, 
understood that the circulating pumps are employed in cir- 
culating water through the condenser (see p. 147). These 
engines are seldom or never balanced, it not being necessary; 
for when one crank is at its dead centre, the other is about 
at half stroke. Hence the reason why the same steam goes 
to Idle top or bottom of both cylinders, and not to the top of 
one and bottom of the other, as in the^gures on pages 83 and 
337. The sooner the steam is cut off from the low-pressure 
cylinder the greater the opposition to the exhaust from the 
high-pressure, so as to produce in the high-pressure cylinder 
a certain back pressure. By examining the diagrams on pages 
346, 348 the amount of this back pressure will be seen in those 
particular cases. The back pressure depends chiefly upon the 
angle at which the cranks are set to one another. The cut 
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off should be so arranged that each cylinder shall develop 
about the same power, and the strains on the cranks be as 
equal as possible. This is an. advantage possessed hj the 
Double Compound Engine, which has four cylinders — one 
high above each low-pressure cylinder at each crank; and 
thus the same strain is brought on each as nearly as 
possible. 

In the next figure we have a sectional plan of the cylinders 
a and 5. The two cylinders are seen in section, while the letters 
a and b are placed on the pistons. Steam is exhausted from 
the high-pressure cylinder 6 to the low-pressure a by means of 
the passage c c, and from the low-pressure cy Under a to the 
condenser, through the passage d d. The jacket is seen at 
e, e. The cylinders are also fitted with a bush, leaving a 
space between the shell of the cylinder and the bush, into 
which space, as well as into the jacket, steam is brought 
direct from the boiler, immediately before starting the en- 
gines, to warm the cylinder, 
and hence prevent the steam 
from being condensed in the 
cylinder when the throttle valve 
is opened for the engine to 
commence work. A starting 
valve is sometimes fitted to the 
high-pressure cylinder, some- 
times to the low, and often to 
both ; the use will be seen by 
the first words in our descrip- 
tion. This valve is a smaJl 
slide valve, working by hand, 
and so connected and arranged 
as to open a communication 
between the boiler and the top 
or bottom of the piston, as 
required, so that the engines 
can be immediately started, no 
matter in what position the 
crank may have stopped. 

Compound engines are apt to prime, hence escape valves 
are fitted to both top and bottom of the cylinders, so that 
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Bhould condensed water, or that resulting from priming, get 
into the cylinders, the valves immediately relieve them with- 
out any breakage. Drcdn cocks are fitted to the bottom of the 
cylinders and the jackets to carry away any water that may 
accumulate from condensation in the jackets. 

358. Surface Condenser. — In the surface condenser there 
are usually several hundred brass tubes, from ^ in. to 1 in. 
diameter. 

a a are the tube plates of brass. The tubes themselves 
are seen reaching from one plate to the other, into which 
they are fastened with great care. All the tubes open into 
the passages 5, c, c, d. Water by gravity passes from the sea 
through a valve e into the passage d ; thence it goes through 
the bottom tubes to the passage c, next through the upper 
tubes to the passage b, then down a side passage k to the 
foot of the circulating pump,; from whence it is lifted into a 
receiver, or air vessel, and thrown overboard. So long as the 
engine is working, cold water is continually coming into the 
surface condenser at d, and passing out as warm water at 
A;, to be returned to the sea. When the exhaust steam from 
the low-pressure cylinder enters the condenser by means of 
the passage m, and surrounds all the tubes, it is condensed 
on the cold surface of those tubes, which are kept in that 
condition by the cold water within them. The condensed 
water falls to the bottom o o, the air pump lifts it to the hot 
well, from whence it is forced by the feed pumps into the 
boiler. Thus, so long as the engine is at work, cold salt 
water is flowing through the tubes, and warm fresh water, 
or steam, is around or lying at the bottom and about the 
tubes. 

The hot well and air vessel are divided into two compart- 
ments — one for the air pump delivery, and the other for the 
circulating water pump. Two extra valves are usually fitted 
to the condenser in case of accidents. One, the jet injection, 
on the front of the condensers, is in communication with the 
sea; the other is the changing valve, placed on the back 
of the condenser. This changing valve, or what is so 
called in this case, opens a communication between the 
circulating pump and the body of the condenser. Should 
an accident happen, then the water is at once shut off from 
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the valve e, and the changing valve is opened, which imme- 
diately turns the circulating into an air pump, while the jet 
injection valve is opened, and the condenser is changed im- 
mediately from a surface condenser to an ordinary jet 
injector. 

When entering port and moving about in harbour, the 
engines often require to be frequently stopped; in such 
cases steam is liable to accumulate in the condenser, which 
would spoil the vacuum on re-starting; hence it is advis- 
able to set the donkey pump in action, to send water into 
the circulating passages, through a branch pipe fitted on 
purpose. 

An examination of what has been said will show that the 
steam in these engines is expanded to six or eight times its 
original volume. There are several ways of arranging the 
cylmders in compound engines ; but the meliiod shown in 
our illustrations, pages 339, 341, seems to possess the greatest 
advantages. Theoretically, there is no gain in the use of 
two cylinders — but practically there is much — as the same 
amount of expansion could be developed in one cylinder ; 
but in that case the initial pressure would be very great at 
the commencement, and very varied in different paiis of the 
stroke, tending to give the moving parts a great initial blow 
during which work would be stored up to continue the 
motion uniform to the end of the stroke; But in the com- 
pound arrangement i^is is avoided, and the power is spread, 
as it were, more uniformly over the whole stroke — an advan- 
tage of considerable importance. Again, the utmost amount 
of work is obtained from any given quantity of steam, and 
although the general parts of the engine occasion an addi- 
tional expense, yet fewer boilers are wanted — an economy 
of both space and expense in that item, to compensate for 
the one previously mentioned. 

It will now be our duty to show how the horse-power is 
found in this kind of engine. Premising that although 
. several empirical methods are given, none exhibit the perform- 
ance of an engine correct, excepting the indicator diagram — 
the theoretical diagram generally gives a good approximation. 

1. Worked Diagram of Compound Marine Engine* — ^We 
have on page 346 a pair of diagrams from the top and bottom 
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of the liigh-pressure cylinder. First, attention is drawn to 
the vacuum line at tike bottom. It will be observed that 
the whole of the lower parts of the two curves are well 
away from this line, indicating that there is a considerable 
amount of hctck preasv/re in this cylinder. By measuring on 
the same scale as the diagram is drawn, it wiU be found that 
this back pressure varies from 7 lbs. at the commence- 
ment of the up stroke to 11 or 12 in the middle, finishing 
with 10. The down stroke shows about the same average 
back pressure, paying no regard to cushioning. The scale 
^ inr> ^y ^^^^ ^ s^e is meant that 1 inch is taken to 
indicate 30 lb&, and is subdivided accordingly. The breadth 
of the diagram at the middle of each pair of ordinates 
is taken in each case with a specially prepared scale, with 
a very thin edge, and the number placed near that part 
of the diagram of which it tells the pressure of steeim. 
In the upper part of the figure, the average pressure in the 
up stroke is shown to be 31*9 lbs.; this is obtained by 
adding together the numbers 51 + 49 + 45, etc., and divid- 
ing the sum by 10, the number of parts into which the 
difl^gram (or stroke) is divided. In the lower part of page 
346, is given the pressures during the down stroke; it is seen 
that by adding together the numbers 23 + 26 + 31 + eta, the 
average pressure is 36*3. The two average pressures 31*9 
and 36*3 are added, and their sum divid^ by 2 gives the 
mean pressure throughout the stroke as 34*1. 

The pair of diagrams' on page 347 are taken from the 
larger or low-pressure cylinder. As this cylinder is in con- 
nection with the surface condenser, we have part of the 
diagram above the vacuum line and part below ; the upper 
part is traced during the admission and expansion of steam, 
the lower while the port is open to the exhaust. The scale 
is here different, the pressures not being so high a larger 
scale is taken, and an inch is here subdivided into ten divi- 
sions to indicate pounds. The average pressure during the up 
stroke, by adding 16+17 + 16*5, etc., and dividing by 10, is 
found to be 10*5, while during the down stroke it is 11*1; 
these added together, and half the sum taken, give the mean 
pressure in the larger cylinder as 10*8. On the cards it is 
pointed out that the boiler pressure is 65 lbs. 
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To find the indicator horse-power: — 
(1). High-pressure cylinder — 

27' X -7854 X 34 1 X 6 X 60 __ 212-99 
33000 



(2). Low-pressure cylinder — 

62«x -7854 X 10-8x6x60 



= 250-21. 



33000 
.'. Total iadicfttor horse-power =463 '2. Arts, 

2. Second Pair of Worked Diagrams of Compound Ma/rvne 
Engine, — On the two pairs of diagrams on pages 348, 349, 
our remarks can differ but little to those already laid down. 
A second case is chosen to impress upon the reader the use 
and advantage of studying diagrams. In thi£{ pair the steam 
luies are very good, showing that the ports are a proper 
size, and well open to steam. In the former higher-pressure 
diagram, the steam line begins to fall too soon, showing 
that either the ports are not properly open, or else they are 
too small to admit the proper amount of steam. The real 
fact is, that the wheel is one turn from full gear, and there 
is not full steam. The expansion line in the diagram from 
the top, page 348, is too full, or there is too much steam ; 
the diagram from the bottom shows a much better expan- 
sion line. The back pressure will be found to vary from 
5 lbs. to 9 lbs. 

The low-pressure diagrams are very good on page 349, 
and the student should notice carefully that the vacuum is 
much better on the top of the cylinder than the bottom, 
giving with the good steam line in the same diagram an 
average pressure 2 lbs. higher. The vacuum at the bottom 
is very uniform. The diagram, on page 347 shows a different 
vacuum, the comers being so much rounded off show that 
the ports are not open soon enough to the exhaust, or else 
they are too small; but notice carefully what was said above 
in regard to the wheel. On the contrary, the diagrams on 
page 349, by their right and left hand lower comers, show- 
that the vacuum is good the moment the ports are open to 
the exhaust. . _C~ 

In the high-pressure diagrams, it will be observed that in 
each pair the lower right-hand corner of the top diagram is 
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considerably rounded; this shows that there is a large 
amount of back pressure or cushioning at the end of the 
stroke. If we consider the whole of this as back pressure, 
then our former estimate of 12 lbs. is far too low; it is very 
much more : but it is really not back pressure, but cushioning. 

To find the indicator horse-power: — 
(1). High-pressure cylinder — 

27' X -7854 X 44-4 x 6 x ^^ J^^^^ 
33000 



(2). Low-pressure cylinder — 

62«x -7854 X 10-25x6x66 



261-217. 



33000 
.'. Total indicator horse-power =566*26. — Ans, 

It is well to mention that all the diagrams are taken from 
the same engines; the first set when the ship was unloaded, 
the second when she had a cargo on board; this fact is the 
key to the solution of the difficulty which is presented by 
two sets of diagrams from the same engine being so unlike. 
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QUESTIONS. 



1. Reduce W Fahrenheit to centigrade and 4*0. to F. 

Ana, 3"tC. ; 39*iF. 

2. Reduce - 12°F. to C, and - 12'C. to F. Ans, - 24''JC. ; lO^'iF. 

3. Reduce 25** R. to F. and C. Ans. SS^iF. ; Sl^iC. 

4. Express 40*0. as F., and 40*'F. as C. Ana. 104'F. ; 4''|C. 

5. Convert 12*F. to C, and 40*R. to F. Ans. - IV^C; 122''F. 

6. Express - 15" C. in the scale of Fahrenheit. Ans. S^F. 

7. In 55 circular inches how many square inches ? 

A circular inch is a circle having one inch for its diameter, 

. •. 65 circular inches = 1 ' x 7854 x 55=43*197 square inches. 

8. Convert 200 square inches to circular inches. 

200 sq. in. = J?^ =254 6 circular inches. 
•.' a; X •7854=200.*. etc. 

Rules: 

To reduce circular inches to square inches^ multiply by *7854 
To reduce square inches to circular, divide by *7854. 

9. Convert 120 square inches to circular. 

Ans, 152*7 circular inches. 

10. How many square inches are equivalent to 300 circular inches? 

Ans, 235*6 sq. in. 

11. A pound of water at 60" C. is mixed with a pound at 100° C, 
what is tne resulting temperature ? Ans. 80** C. 

12. A pound of ice at 0°C. is mixed with a pound of water at 
100* C, what is the result ? Ans. 2 lbs. at 10* '3 C. 

To melt the ice will consume 79**40., as this is the latent heat of 
water. This will leave 100* -79* -4 =20* -6. This residuum will be 

2 lbs. of water at a temperature of =^2= 10* '30., Ans» 

13. 2 lbs. of ice are mixed with 2 lbs. of water at a temperature of 
79*-4C., what is the resnltr Ans. 4 lbs. of water at 0*a 
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14. 9 lbs. of ice are mixed with 10 lbs. of water at IWC, what ib 
the result? -4n«. 19 lbs. of water at 15* -020. 

15. What weight of ice at zero must be mixed with 12 lbs. of 
water at 25*'C., in order to cool the water down to ICC. ? 

Each pound of ice in liquefaction will consume 79° '4, and as this has 
to be raised 10% . \ each pound of ice requires 89** '40. Each pound of 
water will mve up 25" - 10*= IS^'C. 

. •. Totiu heat to, be extracted from the water = 15* x 12= 180*. 

180* 
.'. No. of lbs. of ice required =-^i =2*013 lbs., Ans. 

16. 60 lbs. of ice at 0*0. are mixed with 100 lbs. of water at a tem- 
perature of 45* C, will this melt the ice ? 

Ans, No, It will require 264*0. more. 

17. How many pounds of water at the above temperature would 
have been just sufficient to melt the ice? Ans, 105f|- lbs. 

18. I mix 4 lbs. of ice at 0*0. with 8 lbs. of water at 95*0., what 
is the resulting temperature? ^^ 12 lbs. of water at 36*-860. 

19. How many pounds of ice must I mix wiiti 30 pounds of water 
at 80*0., so that the result may be water at a temperature of 35*0. ? 

' . .4n«. 11*8 lbs. 

20. How many pounds of water at 27* 0. must be mixed with 2 lbs. of 
steam at 100*0. to reduce the temperature of the steam to 45*0. ? 

Latent heat of steam is 537*2. 

. •. Each pound of steam has to give up 637" '2 -45* =592* -20. 

Each pound of water takes up 46* - 27*= 18*. 

692*2 
.'. No. of lbs. of water to condense 1 lb. of steam=——- =32*9 lbs. 

. . 18 

• *• ,, ,, ,, ,, ^ ,, ^^ o^ '" X i& ^ 00 'o lbs. 

21. How many pounds of water at 40*0. must be mixed with a 
pound of steam at 100*0. to convert it into water at the boiling 
point? .^n«. 8*96 lbs. 

22. How many pounds of water at 50*0. must be mixed with 21 lbs. 
of steam to condense it, so that the result shall be water at a tem- 
perature of 80*0. ? Ans. 390-04 lbs. 

23. The temperature of steam is 100*0., and that of the condensing 
water 10*0., what will be the proportion of condensing water to 
steam if the condenser is to be kept at a temperature of 38*0. ? 

Ans. 21-4:1. 

24. A pound of steam is converted into water by ice at 0*0., how- 
much ice will it just melt ? Ans, 8'0^ lbs. 

25. How many pounds of steam at a temperature of 100*0. will be 
required to melt 40 lbs. of ice at - 4*0. ? 

Each pound of ice consumes 4 +79 -4 =83* -4 units of heat. 
. . •. 40 lbs. of ice will require 83*-4 x 40=3336* units of heat, 

.-. No. of lbs. of steam=^^=5.23 lbs. 
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26. The temperature of steam is 105° C, and 5} lbs. of steam 
melted 42 lbs. of ice, what was the temperature of the water remain- 
ing? Ana, 4**-15C. 

27. What weight of steam at 100° 0. is necessary to raise the tem* 
perature of 210 lbs. of water from 15°C. to 33°C ? Ans. 6*25 lbs. 

28. A pound of mercury at 40° G. is mi^ed with a pound of 
water at 156° 0., what is the resulting temperature ? 

The specific heat of water is 1. 
„ „ mercury OSS. 

Hence I'from the water will raise the mercury — — =30° '3. 

•^ 033 

The diflference of heat is 156° -40°= 116°. 

Evidently to find the number of degrees of heat to be added to the 

40°, as mercury takes '033 and water 1, we shall get — ?i?- = 112°-3. 
^ * 1 + -033 

. •. The temperature of the mixture will be 40°+ 112°-3= 152°-3. 

Or we may reason thus : — 

Every 30° '3 given to the water out of the 116° we must add 1* to 
the mercury, imch wiU raise it 30° *3. 

. •. The increase of temperature above the 40'=ii^2i^2^= 1123. 

*^ 30-3+1 

.'. Temperature=152°'3, as before. 

29. A pound of mercury at 10° C. was mixed with a pound of 
water at 100° C, the result was found to have a temperature of 
97°i 0. ; find from this the capacity for heat of mercury. 

The temperature of the water was lowered 2°|C. 
,, ,, mercury was raised 87°iC. ; 

and since the specific heat of water is 1, we have this proportion — 

As STi : 2°| : : 1 : 033, Ans. 

30. A pound of mercury at 160° C. is placed with a pound of water 
at 20° C, what is the resulting temperature ? 

Every 30*3 given up by the mercury will only heat the water one 
degree, as it also requires 1° for itself, the difference (160° -20°) 
divided by (30°*3+ 1°) will give what is required. 

Hence ^ = 4°-47 

Hence residting temperature is 20° +4° '47 =24° '47 C 

31. A pound of mercury at 200° C. is placed with 5 lbs. of water 
at 20° C, what is the temperature of the mixture? 

An8, 2ri8 C. 

32. How much mercury at a temperature of 120° 0. will be required 
to melt 10 lbs. of ice? Ans. 200*48 lbs. 

33. A pound of iron at 200° 0. is put into a pound of water at 10°, 
both acquire a temperature of 28° '8 C., find the specific heat of iron. 

Ans. -1098. 
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34. A potmd of iron at 500** C. is put into 10 lbs. of water at 24^ C, 
what is tne temperature of the water? Ans. 29^*34 C. 

The specific heat of iron between 0** and 100° C. is '1098, between 
0* 0. and 300"* C. it is '1218. In this question we have taken it as 
•1138. (See TyndaU On Heat,) 

35. 12 oz. of iron at 600*- 0. are placed in 8 oz. of water at 50** C, 
how much water is converted into steam, supposing no heat lost in 
the process? Ana. *526 oz. 

To leave iron at 100** C. it gives up 600 x 12=6000" 

To raise water to 100** C. it takes up 50 x 8=400'. 

Specific heat of water is (.-r^g-ff =) 8*787 times greater than that of 
iron. 

.*. These 400 units will take (8*787x400) of those in the iron, 
3514*8 units. 

. *. There are left from the iron 6000-3514*8=2485*2 units of heat 
to generate steam. 

To find how many units of heat from the iron will convert an ounce 
of water into steam, we have 537*2 x 8*787=4720*37 units. 

2485*2 
. '. Number of ounces converted into steam = -_-—-- = *526 oz. Ans. 

4720*37 

36. If 16 oz. of iron at 500° 0. are placed in 10 oz. of water at 
60^ C, and the specific heat of iron is considered as '1138, how much 
water will be converted into steam? Ans. '611 oz. 

37. Suppose 4 lbs. of copper at 210** G. are placed in 2 lbs. of 
water at 60% and that the temperature of the water is raised to 
84* C, what is the specific heat of copper? Ans. '0952. 

38. I heat 40 cubic feet of air from 30° G. to 50% what is the 
increase of volume, and what is the present volume ? 

1 cubic foot on being heated V expands -^j of its volume, 

• *• ^^ »» »» >» "3 7 y 

• 40 20* ±0X99 

= 2*93 cubic feet, .'. Vol. = 42*93 cubic feet. 

39. 40 feet of gas lose 25° G. of heat, what is the volume 
remaining? 

An approximate answer is obtained by the same method as above. 

= ^P =3*663. 
. •. Volume remaining = 40 - 3*663 = 36*337 feet. 

But if the quantities are large the annexed is a more correct 
method. 

Let X = volume remaining. 

If the 25° of heat be applied to a; its increase is o»o 

25 a; _ 
•*• * + 273 ~" ^ 
.% X = 36*64. 



QUESTIONS. 357 

40. If 900 feet of air be heated throngli 75^* of heat, what is the 
increase of volume ? Aru. 247*2 cubic feet. 

41. K 600 feet of gas have their temperature lowered through 60% 
what is the volume remaining ? Ans. ^}9 '9 cubic feet. 

42. Suppose the boiling point of water on the summit of Mont 
Blanc is 85" '14 C, what is the height of the mountain? The boiling 
point of water decreases 1* C. for every 1062 feet perpendicular height. 

Ans, 15,781 feet. 

43. The summit of Monte Rosa is 15,000 feet above the level of the 
sea, what is the boiling point of water? Ans. 85" '88 C. 

44. On the 3rd August, 1858, the temperature of the boiling point 
on the summit of the Finsteraarhom was 187** F., what may we infer 
the height of the mountain to be from this fact ? Ans. 14,750 ft. 

The exact height is 14,100 feet; we may account for the dis- 
crepancy by the reading of the barometer not being properly taken 
into account. 

45. The specific heat of air is '237 

„ gravity „ ^h, 

A cubic foot of water loses VC, how many cubic feet of air would 
this heat 1"C. 

The specific heat of water is (7^=) 4*219 times greater than that 
of air, . *. heat will do 4*219 times the work on air it will on water. 
But as the same weight of air will fill 770 times the same space as 
the same weight of water, .*. this cubio foot of water will heat 
4-219x770 =3248-6 cubic feet of air. 

46. 40 cubic feet of water loses 10* of heat ; how much air will this 
heat 20" ? Ans. 64972*6 cubic feet. 

47. 1,000,000 cubic feet of air has its temperature depressed 
10" 0. , of how much water will this increase the temperature 3" if all the 
heat is communicated to the water? Ans. 1026*08 cubic feet. 

48. Steam at 24 lbs. pressure is admitted into a cylinder above the 
piston 50 inches in diameter ; find the total pressure on the, piston 
(1) when there is a vacuum below ; (2) wnen the air is freely 
admitted below. Ans. 47124 lbs. : 17671*5 lbs. 

49. Steam of 30 lbs. pressure is admitted below a piston 80 inches 
in diameter, and the atmosphere admitted to the top ; find the 
number of tons pressure to force the piston up. Ans. 33*66 tons. 

50. Steam of 30 lbs. pressure is admitted (1) to one side ; (2) to 
the other, the diameter is 45 inches, and diameter of piston-rod i> 
inches, find the difference between the pressures on the upper and 
lower side of the piston. Ans. 589 lbs. 

51. The steam pressure is 40 lbs. per circular inch, what is the 
pressure in tons on a 36 inch cylinder ? Ans. 23f tons. 

52. If the pressure in the last question had been 40 lbs. on the 
square inch, find the total pressure. Ans. 18*1764 tons. 

53. If the pressure be 60 lbs. on the square inch, how much is that 
on the circular inch ? Ans. 47*124 lbs. 

54. The pressure of air is 14*7058 lbs. on the square inch, the 
specific gravity of mercury is 13596 ; find the height of a column of 
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mercury, "whose base ill one square incli> to correspond with the 
pressure of the atmosphere. 

Let X = height of the column in inches. 

13596 
Weightoflcubicinchofmercury=..^^ ounces 

_ 13596a; 
'* " "^ •' »> ""1728' 

13596X0; ^ ^.^ g^ 

1728x16 

... X = il:705^^xlZ28^ 29-9048 inches. 
13596 

55. Answer the same question as above, but substitute pure water 
for mercury, or assume a cubic foot of water to weigh 1000 ounces. 

Ans. 33*88 feet. 

56. Answer the same question, but substitute salt water, the 
specific gravity of which is 1 '0267. Ans. 33 feet, nearly. 

57. An air pump is 20 inches in diameter, and the length of the 
stroke 2 feet 3 inches ; the engine makes 40 revolutions per minute, 
and its piston is covered with water at each stroke to the depth of § 
of the stroke ; find the number of tons of fresh water lifted in an 
hour. 

Capacity of pump =20* x '7854 x 27. 

Quantily raised at each stroke =20* x '7854 x 27 x J. 

Quantity raised in an hour =20* x '7854 x 27 x § x A x 60. 

Nnmber of cubic feet raised per hour ="*<><> '^ '^^t'^ ?,^f ''^''^ 

^ 3 X 1728 

Weight of this in tons^JOO - •^f^,'!^? x 2 x^ x 60 x IQOQ^ *^^ 
^ 3x1728x2240x16 

58. You are required to answer the same question, but suppose 
it to be a marine engine using salt * water. ^n«. 224*4 tons. 

59. The air pump of a land engine is 24 inches in diameter, its 
stroke is 20 inches, and it is | full at every plunge ; find the weight 
of water lifted in an hour when the engine is making 55 strokes per 
minute. Arts. 289*26 tons. 

60. In question 59 we will suppose it to be a marine engine ; how 
many more tons would it have lifted in the time ? 

-4?w. 6*9427 tons. 

61. The air pump of a marine engine is 32 inches in diameter, and 
is I full at each stroke ; find the weight of salt water lifted in 6 
hours, when the strokes are 50 per mmute, and the length of the 
stroke 4 feet. Arts. 8616*96 tons. 

62. What must be the diameter of an air pump with a stroke of 
39 inches, i full at each stroke, and 45 revolutions per minute, to 
lift 300 tons of salt water per hour ? Am. 19*12 inches. 

• A cubic foot of salt water weighs 64 lbs., or more exactly, ^a the spedfie graTity 
ia 10267, it is 64 16875 lbs., bat it is customary to call it 64 Iba. 
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63. An air pump is 15 inches in diameter' and 3} feet stroke, and 
t full at each stroke ; what must be the number of revolutions per 
minute to lift 220 tons of salt water per hour ? Am, 74*6, 

64. The water level in a boiler is 12 feet below the surface of the 
sea, (a) What is the pressure to force water into it? {b) If the 
pressure of steam is 5 lbs. how high will the water rise ? 

33 feet of water = 14*7058 lbs. on the square inch. 

It will be more convenient to say, in round numbers, that a 
column of water 33 feet high, gives a pressure of 14f lbs. on the 
square inch. The usual rule is to allow 34 feet, but it is evident from 
question 56 that the correct immber is 33 feet when salt water is in 
question. 

(a) As 33 : 12 : : 14*75 : 6*363 lbs., Ans. 

{b) When the steam presses with 5 lbs., there is left oinly *363 lbs. 
hydrostatic pressure to force in water — 

.-. As 14*75 : '363 : : 33 : *812 feet, Ans. 

65. A boiler or water level in a boiler is 10 feet below the surface 
of the sea, the pressure in the boiler is 8 lbs. of steam, what is the 
force acting agamst hydrostatic pressure in blowing out. 

Ans. 3-53 lbs. 

66. The bottom of a boiler is .9 feet below the level of -the sea, 
suppose 2 feet of water have entered it, what is the pressure to still 
force water into it ? Ans. 3*128 lbs. 

67. Water enters a boiler by means of a pipe from a tank, the 
surface being 35 feet high, what must be the pressure of steam to 
exactly counteract the pressure of the water ? Ans. 15*18 lbs. 

68. A boiler 5 feet in diameter is fed by an inch pipe, from a head 30 
feet above the level of the top of the boiler ; find the hydrostatic pres- 
sure on each circular inch on the bottom of the boiler when it is full. 

Ans. 11*92 lbs. 

69. A brine pump is 3 inches in diameter and 13 inch stroke, 
it makes 15 strokes per minute, how much water will it extract 
from the boiler in an hour, being f full at each stroke ? 

Ans. 1837*83 lbs. 

Capacity of pump, 3* x '7854x13. 

Quantify brme pump lifts at each stroke, 3* x *7854 x 13 x {-. 
Quantity per hour in lbs., .3* x 7854xl3x4x 15x60x64 

1728 
= 1837-836 lbs. 

70. Find the volume of water that will be lifted in 5 hours by a 
brine pump under the following circumstances : 32 indies in diameter, 
length of stroke 12 inches, and 10 strokes per minute, ) fulL 

Ans. 153 '398 Cubic feet. 

71. The level of the water in a marine boiler is 10 feet below the 
surface of the sea, the pressure of steam is 24 lbs., (a) What force 
will the steam have to expel the brine ? (fi) Can it drive out all the 
water, if water in boiler ia 3 feet deep ? 

Ana. (a) 4*78 lbs. (b) Yes. 
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(a) At 10 feet deep pressure of water is — 

As 33 ft. : 10 ft. : : 1475 lbs. : 4-4C9 lbs. 
But pressure if column of air is 14*75 lbs. 

. •. Total pressure at 10 ft. is = 19-219. 

.-. Force to expel brine, =24 -19 219 =4 -781 lbs. 

(b) At 3 feet deeper or at 13 feet pressure of water is — 

As 33 ft. : 13 : : 14-76 : 6-81 lbs. 
.-. Total pressure at 13 ft, =20-81. 
.*. Force to expel brine is =24-20-81=3-19 lbs. 

72. The surface of the water in a marine boiler is 9 feet below the 
sea, the steam pressure is 17i lbs. ; when the blow out cocks are 
opened, will water enter or will the brine be expelled, and what is the 
force to do this, (1) at the commencement of the action? (2) at the 
end ? How long will it act ? 

Ana. Water wifl enter with a pressure of 1*27 lbs., and will continue 
till it rises 2*84 feet. 

73. The pressure in a boiler is 14 lbs. above the atmosphere, what 
is the force to blow out when the level of the water in the boiler is 
8 feet below the surface of the sea? Ans. 10*42 lbs. 

74. The lever of a safety vgJve is 16 inches long, and the spindle 
acts at 4 inches from the fulcrum, the diameter of the vidve is 
4 inches ; find the weight that will allow the valve to begin to act 
when the steam pressure in the boiler is 45 lbs. 

Area of valve, =4^ x -7854. 

Pressure to oppose the atmosphere, = 45 - 15 = 30 lbs. 

Pressure on the valve, =4* x '7854x30. 

Moments of the pressure about the fulcrum =4^* x *7854 x 30 x 4. 
„ „ weight. „ „ =Wxl6. 

By the condition of the question these two are equal — 

.*. Wxl6=4a X 7854x30x4. 
.-. W =94*248 lbs. 

75. The lever of a safety valve is 30 inches long, the spindle of the 
valve acts at 3 inches from the fulcrum, while the diameter of the 
valve is 3^ inches the weight is 45 lbs., find the pressure of steam 
above the atmosphere when the valve begins to act. 

Area of the valve, = 3*5' x '7854. 

Moments, if pressure is x lbs., = 3*5^ x -7854 x a; x 3. 

„ of weight =45x30. 

. •. 3-52 X 7854 X a; X 3=45 x 30. 

.\x= li^l^? =46 -7 lbs. 

3*5« X -7854x3 

76. Find what weight must be attached to the lever of a safety 
valve 28 inches long, weighing 5 lbs., when the valve is 1^ lbs. 
weight, with a diameter of 3 inches, and its spindle acting at 4 inches 
from the fulcrum. Pressure of steam in the boiler being 55 lbs. 
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Moments of steam acting on valve, =3* x '7854 x 40 x 4. 

„ valve, = ljx4. 

, , lever acting at its centre of gravity, = 5 x 14. 

„ the weight, =Wx28. 

.-. Wx28+5xl4+lix4=3« x '7854x40x4. 
. ^^9x7854x^x4-76^3^.^^^^^ 

28 

77. Find the diameter of a safety valve which acts at 3} inches from 
the fulcrum, the arm is 24 inches long, and the weight 80 lbs., and 
pressure of steam 75 lbs. Ana, 3'4 inches. 

78. The lever of the safety valve is 26 inches long, the area of the 
valve 16 square inches, the weight is 75 lbs. ; at what distance should 
the valve spindle act, so that the valve shall lift with a pressure of 
55 lbs. of steam ? Arts. 3 '047 inches. 

79. Tiie lever of a safety valve is 30 inches long, the diameter of 
valve 3i^ inches, and spindle acts at 3 inches. The weight is 60 lbs., 
what will be the pressure of steam when it begins to act ? 

Am. 77 -3 lbs. 

80. Find the weight that must be attached to a safety valve at 21 
inches from the fulcrum, when the valve weighs 1 J lbs. and acts at 
3^ inches, while its diameter is 3^ inches, the lever of the safety valve 
weighs 6 lbs., and pressure above the atmosphere is 40 lbs. 

Ans. 52-05 lbs. 

81. A 3f inch valve weighs 2^ lbs., and acts at 4^ inches from the 
fulcrum, whUe the pressure is 5 atmospheres and the lever 21 inches 
long, weighing 6^ lbs. ; required the weight that shall just begin to 
act under these circumstances. Ans. 130'^ lbs. 

82. The pressure in a boiler is 36 lbs. above the atmosphere on the 
circular inch, required the weight to be attached to the arm weighing 
8 lbs. and 30 inches long, when the 4 inch valve acts at 3^ inches and 
weighs 3i lbs. Ana. 62*79 lbs. 

83. Find the nominal horse-power of an engine of the following 
dimensions : the diameter of the cylinder is 25 inches, the length oi 
the stroke 3 feet, and the number of revolutions 55. In calculating 
the nominal horse-power of an engine the pressure is taken at 7 lbs. 

Area of piston, 25* x '7854 

Pressure on the piston, 25' x '7854 x 7 

Number of units of work in one 

revolution, = 25* x '7854x7 x3x2 

Number of lbs. lifted 1 foot \ 

high per minute, f _ 952 ^, .7ft54v7 v^v2 v55 

Or, number of units of work ( - ^^ ^ 7»o4x7xdx Jx55 

done per minute, ] 

= 1133921-25 
It is allowed that a horse can do 33000 units of work per minute, 
or can lift 33000 lbs. 1 foot high per minute, 

11339 21-25 

• • Jl.lr* ^ qor|r>/\ — «/Tfc vO, ^n8» 
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84. The rule for finding the nominal horse-power of an engine is : 
multiply the square of the diameter b^ the speed of the piston, and 
divide the product by 6000. Prove tms. 

Let d — diameter of the piston, 

I — the length of the stroke in feet, 

n = the number of revolutions per minute. 

The speed of the piston is = 2 x 2 x ». 

Area of piston=a' x '7854 

. *. Units of work done per mlnute= (2 • x '7854 x 7 x (? x 2 x n) 

„^ d»x7854x7x(/x2x«) 

• XT T> — . 1 1 

. . xi.r. _ 33000 

__ d ' X '7864 X 7 X speed of piston 

~ 33000 

d * X speed of piston , , ^ 

= 6000 (^®^ nearly) 

For -7854 x 7 will go into 33000 (very nearly) 6000 times. 

Hence the rule. 

85. Find the horse-power of a direct acting blowing' engine, with 4 
cylinders, diameters 4 feet, stroke 6 feet 6 inches, pressure 60 lbs., 
number of strokes per minute 15. 

Area of pistons (4), =48"x 7854x4 

Speed of piston per min., = 6^ x 2 x 15 

Total pressure on the pis- 
tons, = 48»x -7854x4x60 

. •. Units of work done per 
minute = 48' x -7854x4x60x64x2x15 

„^ 48*x-7854x4x60x6Jx2xl5 

• H r* = 

=2566-28, Am. 

86. A portable engine has two cylinders, with 9J inch diameters 
and 14 inch stroke, the pressure of steam at which it is usually worked 
is 42 lbs., and the number of strokes per minute 60; find uie horse- 
power. Ana. 26-25 h.p. 

87. A marine engine has four cylinders, each of 50 inches in dia- 
meter and 4 feet sl^oke, the number of revolutions is 52 per minute, 
and the engine is worked at a pressure of three atmospheres ; find 
the horse-power. Ana. 4455-36 h.p. 

88. An engine with one cylinder of 3 feet diameter, 5 feet stroke, 
and 25 revolutions per minute, is worked at a pressure of 30 lbs. on 
the circular inch ; find the horse-power. Ana. 294-54 h.p. 

89. An engine with two 18 inch cylinders and 2 feet 6 inch stroke is 
required to do work equal to 150 horse-power, when the number of 
revolutions is 40 per minute ; what should be the steam pressure ? 

Ana. 48-6 lbs. 

90. What must be the diameter of a cylinder to develop 100 horse- 
power with 4 feet stroke, 45 revolutions, and 80 lbs. pressure ? 

Ana. 12-07 inches. 



QUESTIONS. 363 

91. Fine the nominal horse-power of a pidr of engines, 'diameter of 
cylinder 10^ inches, stroke 1§ feet, number of revolutions 120. 

Ans, 14*7 H.P. 

92. The diameters of the two cylinders of a marine ensine are 60 
inches each, the length of the stroke 4 feet 4 inches, and vie number 
of strokes per minute 40; find the nominal horse-power. 

Ana, 416 h.p. 

93. If the cylinders of a locomotive are 12 inches in diameter, 18 
inches stroke, and mak&40 strokes per minute, while the pressure is 
70 lbs. per square inch ; what is the horse-power ? Ana, 67 '57. 

94. Steam at 60 lbs. pressure is admitted into a cylinder 6 feet 
long, and cut off after 2 feet of the stroke have been performed : (1) 
find the terminal pressure ; (2) the average pressure throughout the 
stroke. 

We have always this proportion — 

Initial pressure _ Whole stroke 

Terminal ptessure Part of stroke 

.-. 5?=t .-. a:=20 

X 2 

Or we may take the following rule for finding the terminal 
pressure: The terminal pressure is always equal to the initial 
pressure multiplied by the grade of expansion. 

To find the average pressure — 

1. Pressure during 1st foot of stroke =60 

2. „ .. 2nd „ „ =60 



3. 
4. 
5. 
6. 



>» 



3rd 
4th 
5th 
6th 



=Sx60=40 
=1x60=30 
=^x60=24 
=ix60=20 

6)234 



39 lbs. 
The average pressure is therefore 39 lbs. 
„ total „ „ „ 234 lbs. 

„ terminal „ ,, as before 20 lbs. 
We may also find the steam pressure by Simpson's rule, which is a 
nearer approximation. 

Let A D represent the cylinder in this question, B D the length of 
the stroke, 6 feet. Let A B represent 60 lbs., then e 1 and / 2 repre- 
sent 60 lbs. pressure of steam. When the piston sets to g 3, the 
steam expanding from f to g will fill a space haU as large agaiti, 
.*. the pressure will be §x 60=40 lbs. . so take n 3 = 40 it wiU 
represent the pressure of steam. When the piston gets to ^ 4, it will 
fill double the space, . *. the pressure will be ^ of 60 = 30. Let 
m 4 = 30. On the same principle o 5 and p 6 are respectively 
24 and 20. Draw the curve through the points, it wOl repre- 
sent the falling pressure of steam. The curve itself is an 
hyperbola. We also see that by giving the steam a great initial 
velocity, the actual pressure of which is only p 6 or p D, it has been 
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made to do work equivalent to 39 lbs. of steam, or, say, s 6. These 
ordinates, then, now represent our steam pressures. To find theii 
sum we have — 




SirrvpsorCa Rule: To the sum of the extreme ordinates add four 
times the sum of the even ordinates and twice the sum of the odd 
ordinates. This sum, multiplied by one-third the common distance 
between the ordinates, will give the area (of the figure fp Dj, and 
therefore the total steam pressure). 

Area= J I 60+20+4 (40+24) +2x30 I =132. 

Work done before steam was cut off =2 x 60= 120. 

. •. Total work done = 132 + 120 = 252. 

252 
. •. Average work done= — — - =42 lbs. 

6 

In the chapter on De Pambour's theory we gave some rules for 

finding the work done on a piston on one stroke. To show what a 

near approximation Simpson's rule gives we work the same question 

by those rules. 

Units of work done on stroke of piston — qp (l + log. -) 



= 2 X 60(l+log.^ 3) 



= 120 X 20986123 

= 251-833476 
95. In a compound twin screw engine steam is admitted into the 
smaller cylinder 44 inches in diameter, and cut off when 1^ feet of 
the stroke are performed : the length of the stroke is 4 feet. The 
steam then enters the larger cylinder, 50 inches in diameter, and 
in which we will suppose the average pressure is 43 lbs. Find the 
horse-power when steam at 80 lbs. imtial pressure enters the first 
cylinder. The revolutions are to be 40 per minute. 

• Grade of expansion = -^-=|« 
Terminal pressure = 80 x § = 30. 
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To find average pressure in the smaller cylinder — 

Lbs. 

Txessnre at end of 1st half foot of the stroke =80 

„ „ „ 2nd „ „ „ =80 



ft *f ft 



3rd „ „ „ =80(1) 



»> >> t9 

f* tt »t 

$» »t tt 

tt It tf 

tt tt tt 



4th „ „ „ =1x80=60(2) 

6th „ „ „ =*x80=48(3) 

6th „ „ „ =fx80=40(4) 

7th „ ^ „ =fx80=34f(5) 

8th „ „ „ =1x80=30(6) 



By Simpson's mle the snm of these pressures will be — 

80+30+ |4(80+80+48+34f)+2(80+60+40)| 
= 110 + 9691+360 =14391 

. •. A verage pressure = 1 = 59 -9 

6x4 

By Mr. M*Farlane Gray's rule it would be =59 '37. 

Secondly, we have the average pressure in the larger cvlinder 
given as 43 pounds. The reason why we assume it so high is, that 
the vacuum is always exceedingly good in the larger cyunder, and 
each cylinder is generally arranged so as to give the same horse- 
power. Allowing for back pressure, which will be considerable, 
for 59*9 we will write 55f (more should be allowed). See article on 
Compound Engines and examine the diagrams, and notice the large 
amount of back pressure in the high pressure cylinder. 

Thirdly, to find the horse-power developed in each cylinder. 

H.-P. of smaUer cylinder ^ ^' x 7854 x 2x4 x 55f x 40 _ 333.589 

H..P. Of larger cylinder =Wl2L:!854x8x43x^^818.J2 

OtJUOv 
.-. Total H. -P. =1642-309. 

It is as well to observe that such calculations as these are a mere 
approximation, tiie only reliable source from which we can obtain 
the horse-power is from the indicator diagram. 

96. A compound engine has two cylinders of 60 ai^d 90 inches in 
diameter, the stroke is 5 feet, and the number of revolutions 60 per 
minute ; find the horse-power, pressure being 84 lbs., cut off at one 
foot in smaller cylinder, and allowing the average pressure to be 23 
in the larger cylmder. 

The average pressure (to be found by the student) is 44*4 very 
nearly. Ana. 2282 -51 +2660-36=4942-87 h.-p. 
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97. Suppose we have a compound engine of the following dimen- 
Bions, etc., find the h.-f. : — 

Diameter of cylinders, 40 in. and 70 in. 

Length of stroke, 42 in. 

Number of revolutwnSy 40 

Initial pressure of ^steam, 60 lbs. 

Steam is cut off in the smaller oylinder at 1^ feet, and we will 
allow the average pressure to be 20 lbs. in the larger cylinder. 

Ans. Pressure is 47-H lbs., say 48 ; horse-power 511 79 +653*07 = 
1164-86. 

98. A stationary engine has a cylinder 24 inches in diameter, the 
stroke of the piston is 3 feet, pressure 100 lbs., and number of re- 
volutions 80. ^^d the B.-P. when the grade of expansion is ^. 

Ans. 463 or 460-1 H.-P. 

99. Find the nominal horse-power of a pair of engines 6 feet stroke, 
36 inches in diameter, 46 revolutions. Ans. 119*23. 

100. In a locomotive engine the steam is cut off at J stroke, the 
length of stroke is 24 inches, the diameter of each cylinder is 15 
inches, number of revolutions of crank 50, and initial pressure of 
steam 80 lbs. ; find the horse-power.* Ans. 89:|. 

101. A blowing engine has 4 cylinders, diameter 40 inches, stroke 
5 feet, grade of expansion -^th, number of strokes 18, and pressure of 
steam 25 lbs. ; find the horse-power. Ans. 359*47. 

102. A cylindrical boiler with flat ends is 25 feet long, 5 feet in 
diameter, and has two flues running through its whole length, each 
2 feet in diameter ; find the whole pressure of steam on the internal 
surface of the boiler when the steam gauge stands at 40 lbs. 

The surface of the shell is =5x3 1416 x 25. 

„ „ two flue8=2x 31416x25x2. 

„ „ „ ends = (5*-2x2«)x -7854x2. 

•• Whole internal surface = 25 x 3 1416(5 -I- 4) -H 17 x -7854 x 2. 

=25 X 3-1416 X 9+34 X -7854. 
=733-5636 ft. 

Total pressure in tons, = 1^^'^^ ^ 144xj^^ 1866 3064 tons. 
^ ' 2240 
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103. A cvlindrical boiler of 3 feet in diameter, 14 feet long, has an 
internal tube of 1^ feet diameter. If the steam pressure is 30 lbs., 
find the whole internal pressure in tons. 

Ans. 402-15 tons. 

104. A cylindrical boiler is 40 feet long and 8 feet in diameter, it 
has two internal flues running through its whole length each 2^ feet 
in diameter. Suppose the water averages a pressure of 1^ lbs. over 
the whole surface, and the steam 40^ lbs., find the totsl internal 
pressure in tons. 

Ans. 4629-226 tons. 

* Frewure is found as in Ex. 04. Simpson's role does not apply. 
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105. In a tabular boiler there are 144 tubes, each 2J inches in 
diameter, and 10 feet long, find the amount of heating surface if the 
heating surface around the fire box be 40 feet. 

Heating surface of 1 tube = — — — feet 

,4. _ 2-25 X 31416x10x144 

= 848-232 feet. 

To this add surface around the fire box ^ 888*232 feet. 

106. In a locomotive boiler there are 160 tubes 96 inches long and 
1 J inches in diameter, find the total heating surface of the tubes. 

Am. 602-656 ft. 

107. Steam is used by an engine at 30 lbs. pressure, and cut off 
at i, find approximately the saving per cent, by working expansively. 

Let us suppose stroke is 8 feet, we must find (1) terminal pressure, 
(2) average pressure. 

Terminal pressure s J x 30 = 7} lbs. 

1. Pressure during first foot 30 

2. ,, ,, second „ 30 (1) 



3. ,, 

4. 

5. „ 

6. „ 

7. 

8. ,. 



third „ 8x30 =20 (2) 

fourth „ |x30 =15 (3) 

fifth „ I-X30 =12 (4) 

sixth „ |x30 =10 (5) 

seventh „ |x30 = 8| (6) 

eighth „ |x30 = 7i (7) 

Total pressure = 30 x 2 + i | 30+7i+4 (20 +12 + 8^) + 2 (16 + 10) | 

= 60+83H = 143J (nearly). 

. •. Average pressure = —^ = 17|-}. 

8 

Now had steam been admitted throughout the whole stroke, its 
average would have been 30 lbs. 

. •. Out of 30 there is saved 30 - 17^1 = 12^. 
To find gain per cent— As 30 : 100 : : 12^ : 40^, Ana. 

There was no necessity to have found the average pressure, we 
might have reasoned thus : 

n steam had been continuously admitted, total pressure would have 
been 30 x 8 = 240. But by expansive worldng, total pressure = 143^. 

.-. Out of 240 we gain 240 -143 J = 96i. 
As 240 : 100 : : 96| : 40,^* <» before. 

108. Steam at 50 lbs. pressure is admitted into a cylinder 6 feet 
long, and cut off at ^ stroke, find approximately the gain per cent, by 
reason of expansive working. Ans. 30. 

109. Steam at 45 lbs. pressure is admitted into a cylinder 4 feet 
long, and cut off at i stroke, find the gain per cent, by working 
expansively. Ana, 15-5. 
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110. The terminal presstire is 40 lbs., what was the initial pressure 
if the stroke is 5 feet and steam ia cut off at i stroke ? 

Ans. 160 lbs. 

111. The stroke is 8 feet long, the initial pressure 120 lbs., and 
terminal pressure 50, at what point of the stroke was steam cut off? 

Ans. 3^ ft. 

112. What was the length of stroke when initial pressure was 
80, terminal pressure 45, and steam cut off at 2 feet? 

Ans, 3f. 

113. The pitch of a screw propeller is 20 feet, and the diameter 
18 feet, find the angle. 

Tan, of angle = ^. ^^^'^ = ^ = -^^- 
^^ Circumference 18x31416 282744 

Log. 10 = 1-000000 

Log. 28-2744 = 1 -451393 

Log. Tan. 19*28' = 9 548607 

114. Find the angle of the screw propeller of the "Simoon," when 
the diameter is 16 leet, and the pitch 20 feet. Ans. 2V 41'. 

115. Find the angle of a screw when the pitch is 20 and the cir- 
cumference 20\/3. Ans. 30*. 

116. What angle has that screw whose pitch is equal to the circum- 
ference? Ans. 45*. 

117. The thread of a screw is to the pitch as 2 : 1, find the 
inclination of the screw. - Ans. 60*. 

118. The circumference of a screw is to the pitch as Vl^+2>^5 
: : \/5- 1. Find the angle. _ Ans. 18*. 

119. The pitch of a screw is to the thread as \/5- 1 is to 4, find 
the angle. Ans. 18*. 

120. Find the pitch of a screw propeller when the angle is 20* and 
the diameter 16 feet. 

Tan. 20* = ■ ^^^ = ^^^^ 

Circumference 16 x 3*1416 

.-. Pitch=Tan. 20x16x3-1416 

Log. 16 = 1-204120 

Log. 31416 = -497076 

Log. Tan. 20*... = 9 56 1066 

Log. 18-29 = 1 -262262 

121. Find the pitch of a screw propeller, when the angle is 25* and 
diameter 15 feet. 

^fw. 21-97 ft. 

122. If the diameter of a propeller be 16 feet, and the angle 21* 10', 
what is the pitch? 

An3. 19-46 ft. 

123. The pitch of a screw is 18 feet, and the number of revolutions 
70, how many knots will the ship go per hour, making no allowance 
for slip? 

The length of a knot is 6080 feet 
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At each turn of the screw the ship advances 18 feet. 

. *. The ship advances in one minute 18 x 70. 

„ „ „ hour 18x70x60. 

.-. Number of knots per hour = ^^ ^1^^ ^ = 12-43. 

*^ 6080 

124. A ship has a propeller making 55 revolutions per minute, the 
pitch of the screw is 20 feet, the slip 15 per cent., find the speed of 
the ship. 

The speed of the screw per hour = 20 x 55 x 60 feet. 

„ inknots = ^^^^^Q 

" " " 6080. 

Taking off 15 per cent., leaves yV?- 

.-. Speed of the ship per hour = ^ ^^1"^ ^^J^ = 922 knots. 
^ ^^ 6080 X 100 

125. A ship is required to steam 12 knots per hour when the screw 
is making 75 revolutions, what must be the pitch of the screw? 

Let X = pitch of the screw. 
The velocity of the screw per hour = a; x 75 x 60 feet. 

,. =^^^1^ knots. 

.'. g X 75 X 60 _. JO 
6080 

.-. X = l^^???? = 16-21 feet, Am. . 
75x60 

126. Find the pitch of a screw to propel a vessel 10 knots per hour, 
when the screw is making 72 revolutions per minute, after 12 per 
cent, has been deducted for dip. 

The slip is calculated on the speed of the screw. 
To obtain these 10 knots, 12 per cent, or ^^ = -fj have been 
taken off the speed of the screw. 

. '. This 10 is only {^ of the speed of the screw. 
. *. Speed of the screw = 10 x ^ = 11^^ knots. 
Then as above 

^^"^^^^ = 11 A . •. a = 16 feet (nearly). 
6080 

Or we may reason thus : 

gx72x60 _ 12x100 
6080 88 

t. e.f we take the 12 from 100, which leaves 88 or -f^jf, 

127. Required the piteh of a screw propeller te drive a ship 14 
knots per hour, when the engine crank is making 40 revolutions, and 
the multiplying gear is 2*3, and the slip is 20 per cent. 

Ans, 19*27 feet. 

128. What must be the piteh of a screw to drive a ship 13 knots 

2A 
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per honr, slip 16 per cent., number of revolutions of crank 42, when 
in the multiplying gear the larger wheel has 120 teetii and smaller 
56? Ans. 16-9 feet. 

lSi9. Kequired the speed of a ship when the pitch of the screw is 
20, the number of revolutions 66, and the slip 26 per cent. ? 

Ans. 9 '63 knots. 

130. The diameter of a paddle wheel should be four times the 
length of the stroke ; find the diameter of the paddle wheels worked 
by engines with 4 feet 3 inches, 6 feet 4 inches, and 3 feet 10 inches 
s^ke. Ans. 17 feet, 21 feet 4 inches, 16 feet 4 inches. 

131. The crank of an engine is 3 feet 2 inches, find the velocity 
of the ship in knots when tHe paddle wheel is properly proportioned 
to the crank, the number of revolutions 16 per minute, and the 
width of the paddle boards 2 feet 3 inches. The centre of pressure is 
situated at one-third the width of the float from the outer edge. 

Ft. In. Ft In. 

Diameter of effective working wheel = 3 2x8-2x^x2 3 

Ft. In. Ft. In- Ft. In. 
„ „ „ „ =26 4-1 6 = 23 10 

. *. Speed of ship per minute =23^ x 3*1416 x 16. 

. % Speed of ship per hour in knots =?2i^ii^Hl?iil^^. 
*^ *^ ^ 6080 

= 11 08, Ans. 

132. The diameter of a paddle wheel is 24 fe'et, and the number of 
revolutions 16 per minute; find the speed of the ship when the 
width of the paddle boards is 2 feet 6 inches. Ans. 10 '4 knots. 

133. The crank of an engine is 4 feet, the paddle wheel is properly 
proportioned to it, the revolutions are 12 per minute, and the widti^ 
of the paddle boards 2 feet; find the speed of the ship. 

Ans. 11*4 knots. 

134. The diameter of a paddle wheel is 21 feet, the width of the 
boards 1 foot 6 inches, number of revolutions 20; find the speed of 
the ship when slip is 16 per cent. Ans. 10*6 knots. 

136. Suppose the diameter of a paddle wheel is 24 feet, the width 
of the boards 4 feet, number of revolutions 16 ; find the speed of 
the ship when slip is 12 per cent. Ans. 9*31 knots. 

136. A steamer is going up a river down which the tide is coming 
at 3 miles an hour, how fast must she steam ? 

Ans. The most economical speed is half as fast again as the tide, 

. *. Speed =3 X -1=44 miles, and progress I4 miles per hour. 

137. A boat is steaming up a river down which a flood is coming 4 
miles an hour, how fast must she steam ? Ans. & miles an hour. 

138. The level of the water in a marine boiler is 9 feet below the 
surface of the sea, the pressure of steam is 21 lbs., the depth of 
water in the boiler is 6 feet ; what depth of water will be driven 
•out by the force of steam if blow out cocks are left open ? 

Ans. There will be '68 feet left in. 

139. The steam pipe leading to one of Hornblower's valves is 9 
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inches in diameter ; find the lift to allow a free passage cf steam if 
the valve be 9 inches in diameter. 

Here the area of steam pipe is 9^ x 7854 ; and this volume of steam 
must have free passage round the circumfenmce of the valve. 

. *. Circle for passage of steam=9 x 3*1416. 

Let h be the height, then 

9 X 31416 xA=9«x -7854 

.^^9121:7854 ^2i inches. 
9x3-1416 * 

140. One of Homblower's valves is 10 inches in diameter, and the 
steam pipe leading to it is 11 inches in diameter, how high must the 
valve be lifted to allow the steam to pass freely? 

Ana, S^V inches. 

141. Find the lift of a Homblower's valve, the inner diameter of 
steam pipe being 8 inches, to allow a free flow of st^-am. 

An8,2 inches. 

142. The feed water of a boiler was supplied at a temperature of 
15" at the rate of 85 gallons per hour ; a feed water heater was 
introduced, and then it was supplied at a temperature of 85° ; find 
the units of heat saved in 24 hours. 

To each gallon is supplied 85**- 15* = 70°. 

A gallon of pure water weighs 10 lbs. (salt 10*27 lbs. nearly). 

. *. As each lb. of water is raised in temperature 70°, the saving in 

each gallon is 10x70=700 xmits. 

. *. In 85 ^llons, or in one hour, 

the saving is =85x700 = 59500. 

. '. In 24 hours the saving is 59500 x 24= 1,428,000 thermal units. 

143. If the engine in the last question works 10 hours per day, six 
days a week, how many pounds of coals are saved in a week ? 

The combustion of a pound of coal produces 8000 thermal units 
and as a thermal unit is the heat necessary to raise a pound of water 
1° C, we have from above — 

Heat saved in 1 hour = 59,500 units. 

„ „ 10 hours or 1 day = 595,000 

„ „ 6 days =3570,000 „ 

.'. lbs. of coals saved = ^^ = 446*26 lbs. 

= 4 cwt. nearly. 

144. The feed of a boiler was 15 cubic feet per hour, find the sav- 
ing effected in a week of six days, 10 hours per day, by using a feed 
water heater that raised the temperature of the water 60° 0. 

Ans. 421f lbs. 

145. A boiler evaporates 20 cubic feet of water per hour, the teed 
water heater raises the feed through 75° of heat, mid the saving in 
100 days of 12 hours each. Ans. 14062*5 lbs. 

146. To find the specific gravity of steam and weight of a cubio 
foot of steam. 
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An inch of water produces 1669 cubic inches of steam at atmo- 
spheric pressure. 

Weight of an inch of water = a\i = oz. 
. '. Weight of 1669 cubic inches of steam = mi 

1 — 1000 

» * »> t» — TTTSXTm 

• '• » 1728 „ f, = jsn 

= -6991 oz. 

Now, as water is 770 times heavier than air, and the specific graviiy 
of gases have air for their standard, . '. specific gravity of steam will 
be found thus : — 

A cubic foot of air weighs VW = 1*2987 oz. 

If specific gravity of air weighing 1*2987 oz. is 1, what is the 
specific gravity of steam weighing '6991 oz. ? 

As 1-2987 : -5991 : : 1 : -4613 specific gravity of steam. 
Bourne gives specific gravity of steam as '481. 

147. The diameter of a steam-pipe is 10 inches, the two equilibrium 
valves measure 9 and 9 J inches in diameter, find the lift when fuUy 
open to steam. 

Ans. 1 '35 inches. 

148. Give a general proof of the rule for finding the weight to be 
applied to a safety valve, — ^the length of the valve, the distance of the 
spmdle from the fulcrum, the weight of the valve, and the weight of 
the lever being known. 
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Let A F be the lever of the valve, with its centre of gravity at C 
and fulcrum at F. 

Let S, between C and F, be where the valve acts on the lever. 

Taking the moments about F, and supposing (2 to be the diameter 
of the v^ve, and p the pressure of steam above the atmosphere, we 
have — 

Letting W be the weighty and to that of the lever, and vf that of 
the valve. 

.-. WxAF+tt7xCF+«/xSF=d«x|xi? xSF 

((i»x^ X 1? -«;')SF - wCF 

••• W = AF 

Or given the other elements, the quantities dorp may be found. 

149. Show generally that the most economical speed to run in a 
tide Way, or against a stream, is half as fast again as the stream. 

Let X = the speed of the ship per hour. 

„ t; = the velocity of the tide or current per hour. 
• '. x-v = the progress made by the ship per hour. 



QUESTIONS. 373 

Now the conBiixnption of fuel varies as the cube of the speed, or 
as x'. 
Let the consiunption be c x*. 

. *. CfOnsumption for each mile = ; this is to be the most 

economical consumption. ' 9-v 

.'. JZ- = mm. 

Differentiating and equating to zero. 

3c «• [x-v^dx-cx^ dx _^ 

{x-vY 
.'. 3ca;« (a5-t;)-caj» = 
.'. 3 {x-v)-x = 
2jc = 3t; 

2 

150. Find approximately the surface of a screw blade. 

In taking A B as the pitch, B C as the circumference, and A C as 
the thread, it is very evident that if we consider the blade to be 
made up of a very large number of a. 
triangles, placed side by side, and that 
the part A B is then taken away, 
leavmg AG to form the blade, that 
if we could find the lengths of all 
the lines corresponding to A C, their 
sum divided by their number would 
give an average length, which, mul- 
tiplied by the radius, must be the 
approximate area of the blade. In ^ 
practice, it is usual to find only three of these lines, and then divid- 
ing by three^ and multiplying by the radius, gives the area of the 
blade. A B may be consider^ as the length of the screw to obtain 
the approximation. 

In the above figure let us suppose B is bisected in B, and A D 

t'oined; then AC represents the longest line on the surface of the 
>lade, A B the shortest, and A D an intermediate one. 

151. The diameter of a propeller is 12 feet, the pitch 14 feet, and 
the length 2 feet ; &id the surface (1) of one blade, (2) of two 
blades, (3) of a complete screw. 

B = 31416 X 12 = 37-6992. 
AB = 14 and D B = i of 37-6992. 
AC« = AB« + BC» = 196 + 1421 2296 = 1617-2296. 

.*. AC = 40*214. 
AD» = AB» +'bD« = 196 + J of 1421-2296. 

AD = 23-479. 
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AB = 14 

AD = 23-479 
AC = 40-214 

3 )77-693 

26-897 
6 

Sq. ft. 155-38 = area of complete screw. 

Ab the length is 2 feet, the area of one blade = ^ of the whole. 

. •. Area of one blade = f x 156-38 = 22*19 sq. feet. 
,, two blades = 44*39 sq. feet. 

162. Find the area of the two blades of a propeller of the follow- 
ing dimensions : — 

Diameter = 15 feet. 
Pitch = 20 feet. 
Length = 3 feet. 

AfUf. 76*57 square feet. 

153. Find the area of the two blades of a propeller and of the 
complete screw, when diameter is 16 feet, pitch 20 feet, and lengtii 
2i feet. An8, 70*8 and 283*2472 square feet. 

154. Find approximately the area of the blade of a propeller, 18 
feet in diameter and 21 feet pitch, when the length is ^ of the pitch. 

Ans, 49*94 square feet. 

155. Find the horse-power of an engine of the following dimen- 
sions : — 

Diameter of two cylinders, 70 inches. 
,, trunks, 20 inches. 

Length of stroke 6 feet, cut off at ^. 
Pressure 60 lbs., number of revolutions 45. 

Ans, 4241*16 or 4854*68. 

156. Obtain the usual expression for the locomotive performance 

D^ v^ 
of marine engines, viz., — - — , 

Show from your investigation with what limitations you may- 
apply it to measure the performance of different ships (1863). 

Here v is the speed of the vessel. 
„ D „ displacement. 
„ I ,, indicator horse-power. 

When a steamer goes from place to place, she excavates, as it 
were, a canal between the two places, the transverse section of which 
is the immersed midship section of the vessel. For similar vessels the 
work done on a mile, or per hour, must bear a relation to this 
immersed midship section. Let M be the midship section of the 
vessel, and W the work done in foot pounds, and K the resistance 
against M ; then R = M i;^ ; and therefore the work done = M v*. 
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This holds good for similar vessels only. The midship section 
may be expressed in terms of the length I, breadth 6, or neight fi, 
t*, 6', A*, for the area of the midship section varies as the square of 
these quantities. 

It is evident that the whole displacement, depending npon the 
length, breadth, and height of the vessel, will vary as the cubes of I, b, 
or X. 

. •. M varies as Z* . *. 7 oc M* (a) 

while D „ I* .', Ice D* (6) 

.-. from (a) and (6) M* « D* .-. M oc D* (c) 

so that now we can put D* for M, where D is the displacement. 
It is very evident that if a vessel go from one place to another at' 
double the usual speed, she goes in hcUf the time, and therefore has 
/our times the work to do in half the time, and hence there must be 
eifiht times the power employed, or the horse-power varies as the 
cube of the speed. If at tliree times the velocity, nine times the 
work will be done in one-third the time, and therefore the power is 
multiplied by 27. .*. al :± Mv' where I is the indicator horse- 
power; but as M varies as D*, the measure of the locomotive per- 
lormance will be 



iS 



In the latter part of this theorem we might have reasoned thus : — 
The locomotive performance depends upon the fuel used, the fuel 
used gives an approximation of the indicator horse-power (I). 

. •. Work done by a unit of fuel = — =— 

~ I 

as before. 

157. Reasoning as we have in this last question, we see that if C 
and C be the consumption of fuel, and K and K' the speed or 
velocity. 

.-. 0:0': :K»:K'«; 
also H.P. : H.P.' : : K« : K'« ; 

also, if n and n* be the number of boilers, 
n : »' : : K« : K'» ; 

also, if r and r^ be the number of revolutions, 
r : r' : : K« : K'«. 

158. The degree of saltness of the water entering a boiler in 
read of as ^, and that of the water in the boiler is kept at A> ^* 
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temperature of the feed water is 100° F. (STiC), and that of the 
water in the boiler is 248^ F. (120° C), what percentage of the total 
heat given to the boiler is wasted by blowing off? 

The total heat in steam at 248** is 1157°*64. See example 177. 
Snbstitate in next formula. Ana, 6*5 per cent. 

Formula for finding the loss of heat by blowing out and the loss 
per cent. 

Let X = the number of feet of water blown out every 3 hours. 

Let y = „ „ ,f evaporated „ 

.'. «+y= *» M t» entering „ 

Let t = the temperature of the feed water. 

Let tf = f, ,f „ boiler „ 

To turn y feet of water into steam will require (637 '2'-t)y of heat. 
To boil the x feet of water blown out will require (<' - ^) a; of heat. 

. *. The total loss iB{t^-t) x. 

. •. Total quantity of heat employed = (637** '2-t)y+ {f-t)x. 

Since out of (637°'2 -t)y+ if-t)x there is lost (^ - ^ as. 

.-. Loss on 1 = ^^^ ^{t'-t)x 

(637°-2-<)y+(«'-0» 

. •. Loss per cent. = ,,^J^^f'^\^ , 
^ {m°'2-t)y+{f-t)x 

159. A marine boiler is blown out every 3 hours, in the proportion 
of 1 gallon blown out to 3 evaporated. At each time 1000 gallons 
are expelled, and the boiler evaporates 3000 gallons per hour. The 
temperature of the feed water is 6°C. Find the loss per cent., if 
temperature of water in boHer is 113° G. 

Ans. 5 '3 per cent. 

160. A marine boiler is blown out every hour. On each 
occasion 33 gallons are expelled, while 132 gallons are evaporated in 
the same time. Find the loss per cent, when the temperature of the 
water in the boiler is 115°C., and that of the feed 6°C, 

Ans, 4'1 per cent. 

161. If a be the number of cubic feet of feed water, b the quantity 
blown out, e the quantity evaporated, supposing the water is to be 

maintained at -^ of saltness ; find the quantity blown out. 

Since the feed water = e + 6 = a, 
and also since the feed water has ^ of saltness in it, 

.-. ^\(e+b) = J^b 

.-. 6 = _i-(l) 
«-l 
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If the quantity eyaporated is required e=6 (a - 1) 

Since a=e+6 
,•. a=8b .*. 6=- 

8 

162. The boiler water is to be kept at -^, or 4 degrees of salt- 
ness, how much must be blown out ? 

From last example, h=^=- 

« 4 • 

.*. Quantity blown out must be i the feed. 

163. A marine boiler is to be kept at 3 degrees of saltness, how 
much water must be blown out ? Ana, | feed. 

164. If 900 gallons of water be converted into steam, what quan- 
tity of brine must be blown out that the water in the boiler may be 
maintained at -^ of sidtness ? Ana. 300 gallons. 

165. Prove that when a vessel is heeling over, the load on the 
safety valve becomes L. Cos. h, 

^ Let S be the safety valve. Let S A repre- 

"7 sent the load. Then when the vessel heels 

X over, the load AS will be resolved into the 

/ two forces, AB acting horizontally and BS 

r perpendicularly; the part BS only is effect- 

t* -gs^- ively acting to keep down the valve. 

>^ .^jigle B S A is the heel a S jp. Let A S 
= L or load. 

Cos. heel=?^ . •. B S= A S Cos. heel. 

AS 

= L. Cos. heeL 

166. A boiler is loaded to 20 lbs. on the square inch ; the vessel 
heels over 25'' when the steam issues from the valve; find the steam 
pressure in the boiler. 

When boiler begins to blow off, force of steam = Cos. heel x load 
on the safety valve. 

.'. Pressure = Cos. 25'x20. 
log Cos. 25" = 9-957276 
log 20 = 1-301030 

Ana. log 18-12 = 1*258306 

167. A boiler is loaded at 50 lbs. on the square inch ; the vessel 
heels over 12"; what force will the steam have m blowing off? 

Ana. 48*9 lbs. 

168. A ship heels over 15", and the boiler blows off at 40 lbs., what 
is the load of the valve when the ship is on an even keel ? 

Ana. 41*4 lbs. 

169. A marine safety valve is loaded to 35 lbs., and blows off at 
34, when the vessel inclines at a certain angle; find the heel. 

Ana. Cos. 13" 44'. 
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170. To invefltigate a formula for finding the position or angle of 
the crank at any point of its stroke. 




Let the length of the connecting rod K C = Z 
„ „ crank C E = r 

f9 6 be the angle ROE between the connecting rod and crank 

„ h „ height of the stroke made. 
The len^h of the upstroke or down stroke = 2 r 
If the piston were at the bottom of its stroke, E R would = r+ 2 






Let A = r, or fi 



. Cos. MT 






171. TVhen t 



AsdCcKMr = 

.-. ?+f«-fr+I-V =• 

! crank a it r^it Mfclri 1> 1 



172. The ].v::.-.h of tbe cnak ■ Z fat. Ml « 
6 feet; find -.he an^ betwea Ac c^Hc^nd 
tbo piston is in the (KUtre cf tke cjfindaL 

173. Xbe cnnk is f!^ fact ko^ OBMcIng i^ 
(uisle wt ludi stroke. 

174. Tlio analc at li»If itnieitTS'Sr. ti«(ii 
4.feet. find the length of the TO 




3S0 S'hsam. 

175. On page 62 it has been been proved that 

If we divide A in e so that 

Ce : ed : : do : oe 

then by similar triangles gdo and oeO 
.*. gdor he : Ce : : do : oe 
.-. he : Ce : : Ce : cd 

he 
■which gives the length of the bridle rod c d. 

To find o, the point where the air pump rod must be attached, 
when the length oi the bridle rod and back link are known. 

C e : c d : : do : oe 

,\ ~ = ^^ add one to each side 
C e do 

.: 'J+£l= oe + do_ i^^ertmg. eta 
Oe do 

or ^^ = 1? 
cd+Ce de 

r,do = ^^' 
cd+Ce 

176. If 40 lbs. of water are heated from 20" to 100% how many 
thermal units are required? Ans. 3200. 

177. The steam in a boiler is at a temperature of 245° F., find the 
total amount of heat in it, and the latent heat. 

1082**+ -305 T = units of heat 
1082°+ -305x245°= 1156° 525 F. 

= 643° 0. nearly. 
.*. Latent heat = 1156°-525 - 180° = 976° 525, which is 
(976° -525 - 966° -6 = ) 10° in excess of the law as usually stated. 

178. The temperature of steam in a boiler at a pressure of 6*12 
atmospheres is 320° F. ; find the total amount of heat in the steam 
and the latent heat. . } 1179°-6 F. = 655°^ O. 

179. The pressure in a boiler is 10 atmospheres, and the tem- 
perature 356° F. ; find the latent heat of the steam. Ana, 1010° F. 

180. How many units of work are done in raising a cylinder 
weighing two tons from the hold of a vessel 16 feet deep? 

Ans, 71680. 

181. An iron ship 300 feet long, when in water at a temperature 
of 2°C., proceeds from Norway and meets the Gulf Stream off 
0. Hatteras at a temperature of 27° 0. ; find the increase in the 
length of the ship, co-efficient of iron bemg -0000123. 

Ans, 1*107 inches. 

182. A locomotive boiler 16 feet long is increased in temperature 
from 0°0. to 180°0., find the linear increase. Ans. -425088 inches. 
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183. The stroke of the piston of an engine is 24 inches, and the 
diameter of driving wheel is 8 feet ; what is the mean velocity of 
the piston when the engine is running at 40 miles per hour ? 

Ana, Strokes 140; 560*2 feet per minute. 

184. A shaft in a marine engine was making 20 revolutions, and 
the speed was 8 knots ; what will be the speed if the revolutions, 
by means of the multiplying gear, be increased to 25 ? 

The revolutions of the crank vary as the cube of the speed. 
Let y be speed required. 

V» _ 25 

8» 2"0 

/. V» =^ x8» =640. 

.-. V = 8-617 knots. 

185. The revolutions of the crank of a marine engine are 24 per 
minute, and the speed 10 knots. The multiplying gear was put into 
action, and the revolutions increased to 30 ; tind the increase of 
speed. Ans. "77 knots. 

186. The revolutions of a crank are 30, and the speed 12 knots, to 
what number of revolutions must the m^tiplying gear raise this 30 
to increase the speed to 13 knots. Ans, 38*1 revolutions. 

187. The horse-power of a pair of engines is 400, and the speed 10 
knots ; it is required to give a speed of 12 knots to the ship, what 
power engines must be put in ? 

The rvle *' cube of speed" applies to this and all similar questions. 

10» ,400 

r.x = m^j^: = 691-2 iL-T, 

188. A pair of engines of 850 horse-power, which give a speed of 9 
knots, are replaced by others which give 11 knots, what is the 
horse-power of the new engines ? Ans. 1552 nearly. 

189. If a pair of engines 1000 horse-power give 11 knots per hour, 
what is the speed that will be given by 1200 horse-power ? 

Ans. 11*68 knots. 

190. A ship has 4 boilers. With 2 boilers the speed is 7 knots per 
hour, what is the speed with 3 boilers T 

7» 2 2 

.*. a; = 8-013 knots. 

191. What will be the speed when all 4 boilers are used ? 

Ans. 8*819 knots. 

192. To find the length of the pendulum and height of pendulum 
governor. 

The usual formula, as found in all works on mechanics, is that the 

time of one oscillation in seconds is = «• /^i7 where g = S2 feet. I is 

the length feet, and «• = 3*1416; and height of a pendulum governor 

. X 9_ 8 

18 A = , = , fl 

(2irnr (Tn) 
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We have also this proportion d educed from the same equation : 

» : 60 : : V39 1393 : V^ 
where 39*1393 is the length in inches of a seconds pendulum in the 
latitude of London. 

193. Required the vertical height of a governor to revolve 80 times 
per minute. Ana. nearly 5*4 inches. 

194 Bequired the height of a pendulum governor to revolve once 
every half second. Ans. 2*43 inches. 

195. How often will a pendulum 2 feet long vibrate in a minute ? 

Am. 76-6. 

196. To find the density of the air under the receiver of an air 
pump after the piston has ascended any number of times. 

Let A be the capacity of the receiver. 
,, B „ ,, „ barrel. 

ti d f, density of atmospheric air. 
,f dn ,, „ after n ascents of the piston. 

After one ascent the air which fills A fills A + B. 

.*. di (A + B) = dA .\ d^ = ^j^A 

A + B 

After tiivo ascents we shall get by similar reasoning 
da (A + B) = di A .-. da = A4 



Substituting for d^ = 



A + B 
A dA 



A + B A + B 
dA« 



(A + B)« 

After the third ascent we have 

daA _ dA« 



dj (A + B) = da A . *. dj = 



A + B (A + B)» 

Generally after n ascents we have 

d A" 
Density of remaining air = ^— - 

\-A. + Jj) 

197. To find the height through which the head of the piston-rod 
has moved at any part of its stroke : — 



lict the circle be that through which the crank pin moves. 
Suppose the piston head to move from D to F. 
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In triangle FEO 

E F is the connecting rod = I 
EC „ crank = r 

Let angle EOF =^ 

NowFE« =EC» +CF« - 2EC, OF, Cob. 

Adding E C Cos. ' ^ to each side, and transposing 

CF»-2EC.CFCos.^ + EC»Cos.«^ = FE«-EC« + EC«Cos.«^. 

Extracting the square root ' 

C F-E C Cos. ^ = ± ^/ F E« -E C (1 -Cos.« ^) 

.-. C F = E C Cos. a JivT E»-E C^(l- Cos.« 4) 

or C F = r Cos. ^ jf* V^«-r^Sin.^^ (1) 

NowCD = r+Z .-. DF+CF = r + i 

.-. CF = r+ l^BF (2) 

Equating (1) and (2) 

.-. r + Z-DF = r Cos. ^ + Vi« - r« Sin.* ^ 

.-. DF = r(l-Cos. ^) +Z+ V^-r»Sin«^ (3) 
The negative sign of which will give what is required. 

It 4= 90UhenDF = r 
If ^ = 0" then 
If ^ = 180** then 



«7 wuab la rei 

DF = r ) 
DF=:0 } 
DF = 2r) 



198. Prove that if the ci|mk pin move through the same angle 4 
from A to H in the last figure, that the piston descends through a 
space equal to D F. , 

199. Show fully that equation (3) in Example 197, will give the 
correct height of the piston when at the top, bottom, and nSddle of 
its stroke. 

200. Show how to construct an exact parallel motion (Honours). 
This figure represents the parallel motion first suggested by Mr. 

Scott Russell, and fitted by Mr. Seaward to the Gorcon engines. 

The lever or Dridle rod CD 
turns about its fixed centre C, 
and carries jointed to it at D 
the link A D B, called the rocking 
beam, and is so arranged that 
AD = DB = CD; if this be so, 
we know by the third book of 
EucUd that the angle ACB is 
the right angle in a semi-circle. 
If we compel B to move in a 
straight line towards C, say from 
E to B, as the three lines are 
• 1.x 1 J. /^ 1 equal, we shall always have the 

nght angle at O, and therefore point A must move from F to A in 
the straight line C A continued. Hence we have an exact parallel 
motaon, ».e., constrain point B to move in a straight line, point A will 
do the same. In the Gorgon engines point B oscillates at the end of 
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another bar, called the rocking standard, which describes a Email 
arc nearly coinciding with a straight line. 

C D is a mean proportion between A D and D B. This we see in a 
moment. If a proof be necessary, consider that in one position G B 
mnst be perpendicular to A B, and then by Eu, vi. 13, the fact is 
established tnat it is a mean proportional. As the lengths of the 
lines never vary, therefore in all other positions it is a mean propor- 
tional. In fact, either AD, D B, or CD is a mean proportional 
between the other two. 

The distance through which the po int B slides , or 

BE = AB-'^AB" - J! 

4 
where » is the length of the stroke of the engine, which may be 
represented by A G. 

CB» = AB« - AC«. 

= AB« - -(sinceAG = «.-. AC« = -) 
4 ^ 4^ 

.•.CB = '^AB*-*J 

ButCB = AB-BE. 

Consider AB to coincide with B, then to rise gradually from it, 
and we see B=AB-BE. 



.-. AB-BE = '^AB?-^ 



.-. BE = AB> ^/ab'-L' 

4 

The parallel motion of the side lever engine is not given, as such 
engines are seldom or never constructed now. But if the reader 
wishes to make himself acquainted with it, it is to be found in 
Kankine's Applied Mechanics, Bourne on the Steam Engine^ or 
Goodeve's Mechanism, 

Note, — The following rule is sometimes adopted to find the pressure 
on the larger cylinder in compound engines: — Square the small 
diameter, and multiply it by the terminal pressure in smaller 
cylinder: divide this by the square of the diameter of the larger 
cylinder, and add vacuum pressure. 
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^BSOBVTXOK of Heat, 2a 
Adhedon, 29. 
Advantages of Sorew, lOfi. 
Affinity, 28. 
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Analyiia of Coal, 192. 

„ Sea Water, 162. 
Angle of Screw, 101. 
Angnlar Advance, llfi, 
Anthradte Coal, 196. 
Appendagee to Boiler, lfi& 
Atomlo Force, 98. 

Balanced Slides, 121 
Balancing the Crank, 85. 
Barclay's Elector Condensar, I49< 
Barometer Oange, 154. 
Beam Engine, 57. 
Black, Dr., on Latent Heat, 18. 
Blade of Screw, 101. 
Blowing-ont Boiler, 164. 
Blow-through Valve, 121 
Boiler, lSS-205. 

Balloon, 188. 

Blowing Out, 164. 

Brining, 164. 

Clothing, 148. 

Copper, 148. 

Oomish, 186-14L 
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Elephant, 185. 

Explosions, 197. 
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Field, 140. 

Flue, 184-187. 

Haystack, 183. 

Internal Fressarsb 187« 

Lancashire, 185 

Locomotive, 14QL 

FrimingT, 169. 

Betom Flue, 184 

Salt in, 161. 

Scale, 185. 

Testing, 144. 

Tubular Marine, 18X 
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Waggon, 184. 
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Brine Pumps, 169. 
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Connecting Bod and Crank, 60L 
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Copper Boilers, 148. 
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Diagram,tlndioator, 217. 
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Double Acting Engines, 64. 
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JAwtot ConAmMut, 148L 
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Air, 184. 

Beam, 68, 177. 
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Oscillating, 88. 
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Escape Valve, 123. 
Evaporation, 9. 
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Field's BoUer, 141. 
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Flue Boiler, 187. 
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Giffard's Ii\jector, 174. 
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Horse-Power, 219. 
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Latent Heat of Steam, 12. 
Water, 11, 
Launch Engines, 92. 
Laws of Friction, 82. 
Length of Flues, 135. 
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Length of Screw, 101. 
Linear Advance, 116. 
Link Motion, 70. 
Liquefaction, 13. 
Load, to Find the, 816. 
Locomotive Boiler, 140. 
Locomotive Slide, 104. 
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Karine Engines, 78. 

Governor, 66. 

Tnbnlar Boiler, 187. 
„ Pine „ 187. 

llandalay's Engines, 89. 
Maximum Useftil Effect, 835. 
Measure of Pressure of Steam, 14. 

„ Temperature, 82. 
Mechanical Equivalent of Heat, 41. 
Molecular Force, 28. 
Morton's S^ector Condenser, 149. 

Newcomer's Engine, 48. 

Oscillating Engines, 85. 
Oxidation of Metals, 66. 

Paddles, Disconnecting, lOOt 
„ Immersion, 99. 
,. Wheels, 97. 
FaniUel Motion, 61. 
Piston, 66. 
Pitch of Screw, 101. 
Plates, Thickness, 136. 
Plug, Fusible, 142. 
Power of Expansion, 87. 
Pressure, 817. 

Pressure and Boiling Point, 18. 
Prevention of Smoke, 193. 
Priming, 170. 
Propeller, 101. 
Propulsion, 97. 

„ Hydraolio, 109. 
Pomps-" 

Brine, 164. 

Circulating, 147. 

Double-Acting, 91. 

Feed, 69-178. 

QUBSTTONS, 337. 

Radial Wheels, 98. 
Radiation of Heat, 20. 
Relative Volume, 18. 
Remedy foif Priming, 170L 
Reverse the Engine, 69. 
Reverse Valve, 156^ 
Rolling Circle, lOOi 
Rotatory Valve, 120. 

Savstt Valve, 152. 
Salioometer, 169. 
Salt in Boilers, 161. 
Salter's Spring Balance, 152L 
Saturation of Steam, 16* 
SftTuy's Engine, 47. 



Scale, 16B. 

Screw- 
Advantages, 105. 

Beattiee, 105. 

Disconnecting, 106» 

Ericsson's, 104. 

Feathering, 104. 

Hodgson's, 105. 

Raising, 106. 

Slip, 102. 

Thrust of, 107. 

Twin. 104. 

Woodcroft's, 104. 
Scnm Cooks, 105. 
Sea Water, 162. 
„ „ Specific Gravity, 16S. 
„ „ Boiling Pointy 163-193. 
Side Lever Engine, 78. 
Silver's Governor, 66. 
Single-Acting Engine, 54. 
Slide Diagram, 218. 
Slides of Oscillating Engine, 85 
SUde Valves, 112. 

Balanced, 126. 

Cylindrical, 115. 

Lap and LcmmI of, 118. 

Locomotive, 53, 104. 

Long D, 114. 

Motion of, 116. 

Seaward's, 114. 

Short D, 114. 

to Set, 208. 
Smokeless Coal, 195. 
Smoke Prevention, 193. 
Snifting Valve, 124. 
Special Pump, 119. 
Specific Heat, 88. 
Spheroidal State of Water, 197. 
Starting the Engine, 204. 

„ Gear (Steam), 205. 
Steam- 
Definition, 9. 

Density, J 4-1 5. 

Elasticity, 10-15. 

Expansive Working, 18. 

FoU Steam, 116. 

High Pressure, 14. 

Invisible, 9. 

Latent Heat» 12. 

Measure, 14. 

Relative Volume, 18 

„ „ and Temperature, 82L 

Saturation 15. 

Specific Volume, 14. 

Superheated, 19. 

Surcharged, 19. 

Temperature of, 16. 

„ and Pressnre, 820. 

Volnme, etc., 17. 
Steam Chest, 180. 
Steam Starting Gear, 205. 
Steeple Engine. 88. 
Stephensoirs Link Motion, 70. 
BtoAng Box, 67. 
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Bnmmary on Snrfaee Condenaatkn, 148. 
Barfaoe Blow Out, 165. 
Burfaoe Ck>nden8atioxi, 147. 
Surface of Fire Grate, 172. 

Tablb of Temperature and Preentre, 16. 

Table of Spedflo Heats, 89. 

Temperature, Measure of, 3Z 

Testing Boilers, 144. 

Thermal Unit, 19L 

Thermometer, 82. 

Thickness of Plates, 13d. 

Thread of Screw, 101« 

Throttle Valve, 63. 

Thrust of Screw, 107. 

Trunk Engine, 90. 

Tubee, Galloway's, 141. 

Tubular BoUer, 137. 

Twin Screw Engine, 80. 

Unit of Heat, 13. 
Use of Pyrometer, 87. 
Useful Load, 828. 

Valybs— 

Blow Through, 125. 
Cornish, 123. 
Communication, 124. 
Crown, 123. 
Double Beat, 123. 
Drop, 123. 
Equilibrium, 12L 



ValTCi— Escape, 123. 

Facing Slides, m. 

Gridiron, 115, 131. 

Homblower's, 122. 

India Rubber Disc, 124. 

Kingston's, 125. 

Reverse, 156. 

Rotatory, 120. 

Safety, 152. 

Self-Acting, 119. 

SnifUng, 124. 

Stop, 124. 

Tail, 124. 

Vacuum, 156. 
Vaporisation, 1, 13. 
Vapour and Steam, 10. 
Vefboity of Maximum Useful Effect, 824. 

Water, 11. 

Water at Freezing Point, 26. 

„ EbulUtion, 11. 
Water for Condensation, 146. 
Water's Gauge, 156. 
Water, Latent Heat, 11. 
Water Purged from Air, 198. 
Water's Feed Water Heater, 14S. 
Water Heater, 144. 
Watt's Engine, 51. 
Wheels, Gyoloidal, 98. 
Wheels, Radial, 98. 
Woolf s Engine, 83. 
Work Done in One Stroke, 815. 
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Adhesioh of Wheels, 227. 
Ash Pan, 249. 
Axle Boxes, 273. 

Ballast, 298. 

Bars, Fire, 247. 

Beattie's Coal Fire Box, 29L 

Blast Pipe, 283. 

Blow-off Cock, 265 

Blow Pipe, 291. 

Bogies, 242. 

Boiler of Rocket, 285. . 

Boiler, 248. 

Brakes, 277. 

Broad Gauge, 299. 

Buffers and Buffer Springs, 276. 

CABBiAon on a Cnrre, 295. 
Chair, 297. 
Chimney, 262. 
Clearance, 246, 281. 
Coal Burning, 289. 
Coke Bumii^, 288. 
Combustion, i92. 



Connecting Rod, 268. 
Contrast, 237. 
Counterweight, 272. 
Coupling Rod, 269. 
Cover of Slide, 281. 
Crampton's Engine, 241« 
Crane, Water, 259. 
Crank, 268, 27L 
Crossings, 301. 
Curves, 295. 
Cuttings, 298. 
Cylinders, 266. 
Cylider Pet Cocks, 267. 

Dampers, 253. "^ - 

Description of Locomotive, 288, 240. 

Diagram of Great Britain, 807. 

Dome, 253, 255. 

Drain Cocks, 267. 

Draw Bar, 276, 277. 

Driving Wheel, 270. 

EOCXNTRIO, 280. 
Embankments, 298. 
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Engine- 
Bogie, 242. 

Crampton's, 241« 

Hurray's, 229. 

Booket, 232, 284. 

Sharp's, 239. 

Btepnenson's, 232. 

Tank, 242. 
Evaporation and Fael, 251. 
Expansion, 254. 
EzeroiseB, 808. 

Fastening of Tabes, 246L 

Feed Pumps, 261. 

FeU BaUway, 299. 

Fire Bars, 247. 

Fire Box, 246, 269. 

Fish Joint, 296. 

Fuel and Evaporation, 851. 

Fumaoe, 246, 269. 

Furnace Gases, 285. 

Fumaoe Stays, 247. 

Fusible Plug, 258. 

Gauob Cocks, 264. 

„ Pressure, 257. 

„ Water, 264. 
Glass Water Qauge, 264. 
Goooh's Safety Valre, 252. 
Gradients, 297. 
Grease Oooks, 267. 

Heating Surface, 250. 
Heat, Transmitting Power, 285. 
Hedley's Engine, 230. 
History of Ix>oomotiye, 225. 

Indicator Diagram, 80S. 

Jointing Rails, 297. 

Lap of Slide, 28L 
Laying of Rails, 298. 
Lead of Slide, 281. 
Link Motion, 279. 
Looomotive Diagram, 806. 

Man Hole, 254. 

Motion of SUde Valve, 281, 288. 

Murray's Locomotive, 229. 

Narrow Gauge, 299. 

Pet Cocks, 267. 
Piston and Piston Rod, 263. 
Pressure Gauge, 257. 
PKvention of Priming, 253. 



Priming, 253. 
Puffing Billey, 230L 
Pumps, Fee<^ 261. 

Railroad, 295. 
Rails, 296. 
Regulator, 254. 
Relief Cocks, 267. 
Richard's Indicator, 803. 
Rocket, 232-4. 

Sapett Valve, 25L 

Sand Cock, 273. 

Screw Plugs, 265. 

Scum Cock, 264. 

Sector, 280. 

Separator, 258. 

Sfaiarp Brothers it Co.'s. Engine, 289. 

Single Eccentric, 281. 

Sleeper, 297-299. 

Slide Valve and Motion, 281. 

Smoke Box, 249. 

Springs, 274. 

Stayingof Fumaoe, 247. 

Steam Dome, 253. 

Steam Regulator, 254. 

Steam Whistle, 255. 

Stephenson's Driving Gear, 232. 

„ Engine, 232. 

„ Link Motion, 279i 

Strap Gib and Cutter, 270. 
Switches, 301. 

Tank Locomotive, 242. 
Tanks, 258. 

Temperature of Furnace Gases, 285. 
Through Tie Rods, 244. 
Tire, 272. 

Tractive Force, 228. 
Tramway, 293. 
Transmission of Heat, 287. 
Traversei-s, 301. 
Trevithick's Claims, 236. 
„ Model, 220. 
Txibes, 244. 
Turn Table, 300. 

Valve, Safety, 251. 

Warning Cooks, 266. 
Water Cocks, 267. 

„ Crane, 250. 

„ Gauge, 264. 

„ Tanks, 268. 
Wheels, Adhesion of, 227. 
Whistle, 255. 
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